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] s u l f a t e i o n c o n c e n t r a t i o n
X
1 . I n t r o d u c t i o n
O r g a n i c c o m p o u n d s a c c o u n t f o r a l a r g e m a s s f r a c t i o n o f fi n e p a r t i c u l a t e m a t t e r
(PM 2 5 , w i t h a n a e r o dy n a m i c d i a m e t e r < 2 . 5 |a m ) i n t h e a t m o s p h e r e , a c c o u n t i n g f o r 2 0 -
9 0 % o f t h e t o t a l a e r o s o l m a s s i n t h e l o w e r t r o p o s p h e r e (K a n a k i d o u e t a l . , 2 0 0 5 ; H a l l q u i s t
e t a l .
,
2 0 0 9 ) . C h e m i c a l c h a r a c t e r i z a t i o n o f o r g a n i c a e r o s o l a t t h e m o l e c u l a r l e v e l i s
c u r r e n t l y l i m i t e d , a n d ge n e r a l l y c o n fi n e d t o i d e n t i fy i n g c h e m i c a l c l a s s e s o r s o u r c e t y p e s .
A n a l y t i c a l t e c h n i q u e s c u r r e n t l y i n u s e v a r y i n t h e i r a b i l it y t o c h e m i c a l l y c h a r a c t e r i z e t h e
o r g a n i c a e r o s o l a t t h e m o l e c u l a r l e v e l , a s w e l l a s p r o v i d i n g c o m p l e t e m a s s c l o s u r e .
A n a l y t i c a l a p p r o a c h e s s u c h a s g a s c h r o m a t o g r a p h y /m a s s s p e c t r o m e t r y (G C / M S ) a n d
l i q u i d c h r o m a t o g r a p h y / M S (L C / M S ), w h i c h a r e a b l e t o p r o v i d e m o l e c u l a r i d e n t i t y a r e
o n l y a b l e t o c h a r a c t e r i z e 1 0 - 2 0% o f t h e t o t a l o r g a n i c m a s s , w h i l e o n - l i n e t e c h n i q u e s s u c h
a s t h e a e r o s o l m a s s s p e c t r o m e t e r (A M S) w h i c h c a n c h a r a c t e r i z e 10 0% o f th e o r g a n i c
m a s s
,
c a n o n l y r e s o l v e a f e w c l a s s e s o f c o m p o u n d s (H a l l q u i s t e t a l . , 2 0 0 9 ) .
O n e o f t h e m o s t u n c e r t a i n c o n s t i t u e n t s o f o r g a n i c a e r o s o l m a s s i s s e c o n d a r y i n
n a t u r e
,
f o r m e d b y th e a tm o s p h e r i c o x i d a t i o n o f v o l a t i l e o r g a n i c c o m p o u n d s (V O C s ) ,
w h e r e t h e r e s u l t i n g l o w e r - v o l a t i l i t y o x i d a t i o n p r o d u c t s p a r t i t i o n i n t o t h e c o n d e n s e d (o r
p a r t i c l e ) p h a s e . R e c e n t w o r k h a s s h o w n th a t s e c o n d a r y o r g a n i c a e r o s o l (SO A ) c an a l s o
f o r m t hr o u g h a q u e o u s - p h a s e r e a c t i o n s (e . g . , L im e t a l . , 2 0 10) a n d h e t e r o g e n e o u s - r e a c t i o n
p r o c e s s e s (e . g . , V o l k a m e r e t a l . 2 0 0 7 ; K r o U e t a l . , 2 0 0 5 ) o c c u r r i n g o n t h e s u r f a c e s o f p r e ¬
e x i s t i n g a e r o s o l . O n c e f o r m e d , S O A f o rm a t i o n i s e s t im a t e d t o b e b e tw e e n 2 5 a n d 2 0 0 T g
y r
"
^ w i t h b e s t e s t i m a t e s p l a c i n g i t s c o n t r i b u t i o n t o t o t a l O C a t a p p r o x im a t e l y 7 0% w i th
s i g n i fi c a n t u n c e r t a i n t y (H a l l q u i s t e t a l . , 2 0 0 9 ) . PM 2 5 h a s b e e n s h o w n t o h a v e a d v e r s e
h e a l t h e f f e c t s a t h i g h m a s s c o n c e n t r a t i o n s (P o p e e t a l . , 2 0 02 ) a n d a l s o p l a y s a r o l e i n
g l o b a l c l i m a t e c h a n g e (I P C C , 2 0 0 7 ) . T h e u n c e r t a i n t y i n t h e c h e m i c a l m a k e u p o f SO A
l e a d s t o a l a r g e u n c e r t a i n t y i n t h e e s t im a t e o f i t s i n r a d i a t i v e f o r c i n g , a n d t h u s , i t s im p a c t
o n c l im a t e c h a n g e a s w e l l a s t h e t r u e h e a l t h im p a c t o f a t m o s p h e r i c PM 2 5 .
O n e c l a s s o f c o m p o u n d s w h i c h c o n t r i b u t e s s i gn i f i c a n t l y t o t h e g l o b a l SO A b u d g e t
i s b i o g e n i c v o l a t i l e o r g a n i c c o m p o u n d s (B V O C s ) , i n c l u d i n g i s o p r e n e (2 - m e t h y l - 1 , 3 -
b u t a d i e n e , C s H g ) a n d m o n o t e r p e n e s (C i o H i e ) s u c h a s a - p i n e n e a n d ^ - l im o n e n e , s h o w n i n
F i g u r e 1 (K a n a k i d o u e t a l . , 2 0 0 5 ; K r o l l e t a l , 2 0 0 6 ; H e n z e e t a l . , 2 0 0 6 ) . T h i s i s d u e t o
t h e i r h i g h r e a c t i v i t y w i t h a t m o s p h e r i c o x i d a n t s , s u c h a s h y dr o x y l r a d i c a l s (O H ), o z o n e
(O 3 ) , a n d n i t r a t e r a d i c a l s (N O 3 ) (A tk i n s o n a n d A r e y , 2 0 0 3 ), a s w e l l a s t h e i r l a r g e gl o b a l
e m i s s i o n r a t e s (G u e n t h e r e t a l . , 2 00 6 ) . St u d i e s h a v e s h o w n t h a t B V O C o x i d a t i o n by O H ,
O 3 , a n d N O 3 p r o d u c e s SO A (G r i f fi n e t a l . , 19 9 9 ; H o f f m a n n e t a l , 19 9 7 ; K a m e n s e t a l ,
19 9 9 ; K o c h e t a l , 2 0 0 0) . I n a d d i t i o n , b i o g e n i c S O A (B SO A ) f o r m a t i o n i s e n h a n c e d b y
t h e p r e s e n c e o f a c i d i fi e d s u l f a t e s e e d a e r o s o l (fi n u m a e t a l . , 2 0 0 4 ; Su r r a t t e t a l . , 2 0 0 7 ) .
T h e p r o p o s e d s o u r c e o f m u c h o f t h e e n h a n c e d B SO A m a s s i s a c i d - c a t a l y z e d p a r t i c l e -
p h a s e r e a c t i o n s (J a n g e t a l . , 2 0 0 2 ; l i n u m a e t a l . , 2 0 0 4 ; G a o e t a l . , 2 0 0 4 ; Su r r a t t e t a l . ,
2 0 0 6 ) . Ja n g e t a l . (2 0 0 2 ) fi r s t p o s t u l a t e d th a t a c i d - c a t a l y z e d p a r t i c l e - p h a s e r e a c t i o n s s u c h
a s h y d r a t i o n , p o l y m e r i z a t i o n , h e m i a c e t a l a n d a c e t a l f o r m a t i o n , a n d a l d o l c o n d e n s a t i o n
c o u l d e n h a n c e SO A m a s s i n t h e p r e s e n c e o f s u l fi i r i c a c i d (H 2S O 4 ) , i n d i c a t i n g i n t e r a c t i o n s
be tw e e n o r ga n i c a n d i n o r g a n i c f r a c t i o n s o f a e r o s o l s . T h i s e n h a n c e m e n t a l s o p o i n t s t o t h e
r o l e o f a n t h r o p o g e n i c e m i s s i o n s i n i n c r e a s i n g S O A y i e l d s (H o y l e e t a l . , 2 0 1 1) . G a o e t a l .
(2 0 0 4 ) p o s t u l a t e d t h a t w h i l e p a r t i c l e - p h a s e r e a c t i o n p r o d u c t s c a n o c c u r r e g a r d l e s s o f t h e
p r e s e n c e o f a e r o s o l a c i d i t y , i n c r e a s i n g a e r o s o l a c i d i t y i n c r e a s e s t h e s i z e o f t h e s e p r o d u c t s .
A s a r e s u l t , t h e s e h i g h - m o l e c u l a r - w e i g h t (M W) s p e c i e s p r e f e r e n t i a l l y r e m a i n i n t h e
p a r t i c l e p h a s e , i n c r e a s i n g o v e r a l l S O A m a s s . F u r t h e r m o r e , s m o g c h a m b e r s t u d i e s
c o n d u c t e d u n d e r v a r y i n g l e v e l s o f o x i d e s o f n i t r o g e n (N O x ) , a s w e l l a s a m b i e n t f i e l d
s t u d i e s
,
o b s e r v e d a l a r g e q u a n t i t y o f h i g h - M W p r o d u c t s a t h i gh - N O x l e v e l s (K a l b e r e r e t
a l .
,
2 0 0 6 ; D e n k e n b e r g e r e t a l . , 2 0 0 7 ) . U n d e r l o w - N O x c o n d i t i o n s , SO A f o r m a t i o n f r o m
p r e c u r s o r s l i k e i s o p r e n e h a s a l s o b e e n s h o w n t o y i e l d h i g h
- M W p a r t i c l e - p h a s e p r o du c t s .
T h i s i n d i c a t e s t h a t w h i l e S O A c o m p o s i t i o n c h a n g e s w i t h N O x l e v e l , s i g n i f i c a n t q u a n t i t i e s
o f SO A a r e f o r m e d r e g a r d l e s s o f N O x l e v e l (K r o l l e t a l . , 2 0 0 6 ; S u r r a t t e t a l . , 2 0 0 6 ) . T h e
N O x l e v e l a p p e a r s t o d i c t a t e t h e a m o u n t a n d c h e m i c a l t y p e o f S O A p r o d u c e d f r o m
B V O C s . A s N O x l e v e l i n c r e a s e s , t h e S O A m a s s f o r m e d f r o m s m a l l e r c o m p o u n d s
i n c l u d i n g i s o p r e n e (K r o l l e t a l . , 2 0 0 6 ) a n d m o s t m o n o t e r p e n e s (H a t a k e y a m a e t a l . , 1 9 9 1 ;
P a n d i s e t a l .
,
1 9 9 1 ; Z h a n g e t a l , 19 9 2 ; P r e s t o e t a l . , 2 0 0 5 a ; N g e t a l . , 2 0 0 7 a ) d e c r e a s e s .
H o w e v e r
,
a s s t a t e d e a r l i e r
,
a e r o s o l a c i d i t y c a n p r o m o t e t h e f o r m a t i o n o f S O A m a s s f r o m
a l l o f t h e s e B V O C s (O f f e n b e r g e t a l . , 2 0 0 9) .
//
( 1 ) (2 ) (3 )
F i g u r e 1 . St r u c t u r e s o f ( 1) i s o p r e n e , (2 ) a - p i n e n e , a n d (3 ) t /- l im o n e n e
O n e s p e c i f i c c h e m i c a l c l a s s o f B S O A c o n s t i t u e n t s t h a t h a s r e c e n t l y r e c e i v e d
p a r t i c u l a r a t t e n t i o n i s t h a t o f o r g a n o s u l f a t e s d e r i v e d f r o m t h e o x i d a t i o n o f i s o p r e n e ,
m o n o t e r p e n e s , a n d s e s q u i t e r p e n e s . T h e s e c o m p o u n d s , w h i c h c a n a l s o b e n i t r a t e d , h a v e
b e e n o b s e r v e d i n b o t h c h a m b e r - g e n e r a t e d (C h a n e t a l . , 2 0 10 , 2 0 1 1; Su r r a t t e t a l . , 2 0 0 7 ,
2 0 0 8 ; l i n u m a e t a l . , 2 0 0 7 , 2 0 10 ; N g e t a l , 2 00 8 ; L i n e t a l , 2 0 12 ) a n d a m b i e n t a e r o s o l
s a m p l e s (C h a n e t a l . , 2 0 10 ; G o m e z - G o n z a l e z e t a l . , 2 0 0 8, 2 0 1 1 ; Su r r a t t e t a l . , 2 0 0 7 ,
2 00 8 ; K r i s t e n s e n a n d G l a s i u s , 2 0 1 1 ; W o r t o n e t a l . , 2 0 1 1 ; S t o n e e t a l . , 2 0 12 ) a n d m a y
c o n t r i b u t e u p t o 3 0 % o f t h e t o t a l o r g a n i c m a s s i n s o m e l o c a t i o n s (S u r r a t t e t a l . , 2 0 0 8 ) .
W h i l e t h e im p o r t a n c e o f p a r t i c l e - p h a s e r e a c t i o n s i n a m b i e n t a e r o s o l i s c u r r e n t l y u n k n o w n ,
t h e p r e s e n c e o f s u l f a t e h a s b e e n s h o w n t o b e a n im p o r t a n t d r i v e r i n o r g a n o s u l f a t e
f o r m a t i o n .
Se v e r a l o r g a n o s u l f a t e f o r m a t i o n m e c h a n i s m s h a v e b e e n p o s t u l a t e d i n r e c e n t y e a r s
t h r o u gh e v i d e n c e p r o v i d e d b y b o th s m o g c h a m b e r s t u d i e s a n d b u l k s o l u t i o n s t u d i e s . F i e l d
c a m p a i g n s h a v e t h e n b e e n U s e d t o c o r r o b o r a t e t h e s e p r o p o s e d m e c h a n i s m s . O n e s u c h
p r o p o s e d m e c h a n i s m i s t h a t o r g a n o s u l f a t e s f o r m d u e t o r e a c t i v e u p t a k e o f g a s e o u s
e p o x i d e s o n t o a c i d i c a e r o s o l s u r f a c e s (l i n u m a e t a l . , 2 0 0 9 ; S u r r a t t e t a l . , 2 0 10 ; L i n e t a l . ,
2 0 12 ) . K i n e t i c s t u d i e s p e r f o r m e d i n l a b o r a t o r i e s h a v e c o n f i r m e d t h e f e a s i b i l i t y o f t h i s
m e c h a n i s m (M i n e r a t h a n d E l r o d , 2 0 0 9 ; M i n e r a t h e t a l . , 2 0 0 9 ; E d d i n g s a a s e t a l . , 2 0 10 ;
C o l e - F i l i p i a k e t a l . , 2 0 10 ) . I t h a s b e e n a l s o s u g g e s t e d t h a t o r g a n o s u l f a t e s f o r m w h e n w e t
s u l f a t e a e r o s o l s a r e i r r a d i a t e d (N o z i e r e e t a l . , 2 0 10 ; P e r r i e t a l . , 2 0 10 ; G a l l o w a y e t a l . ,
2 0 0 9 ) ; a ft e r b e i n g e x p o s e d t o l i g h t , s u l f a t e s a l t s p r o d u c e s u l f a t e r a d i c a l s , w h i c h a r e t h e n
a b l e t o r e a c t w i t h u n s a t u r a t e d o r g a n i c c o m p o u n d s t o p r o du c e o r g a n o s u l f a t e s . A n o t h e r
s u g g e s t e d m e c h a n i s m i s p r o t o n a t i o n o f c a r b o n y l - c o n t a i n i n g o r g a n i c s , f o l l o w e d b y
n u c l e o p h i l i c a t t a c k b y s u l f a t e (L i g g i o a n d L i , 2 0 0 5 ; L i g g i o e t a l . , 2 0 0 6 ) . W h i l e a l c o h o l
s u l f a t e e s t e r i f i c a t i o n w a s c o n s i d e r e d a s a p o t e n t i a l m e c h a n i s m i n t h e l a t t e r s t u d i e s , i t w a s
l a t e r r e f u t e d b y M i n e r a t h e t a l . (2 0 0 8 , 2 0 0 9 a , b ) , a s a c i d c o n c e n t r a t i o n s a n d t e m p e r a t u r e s
o f a t m o s p h e r i c a e r o s o l s w o u l d r e n d e r t h e r e a c t i o n s i n f e a s i b l e . T h e im p o r t a n c e o f
n i g ht t im e r e a c t i o n s i n t h e f o r m a t i o n o f m o n o t e r p e n e n i t r o o x y o r g a n o s u l f a t e s h a s b e e n
p r o p o s e d , s u g g e s t i n g t h a t N O 3 r a d i c a l c h e m i s t r y c o u l d b e t h e s o u r c e o f t h e s e c o m p o u n d s
(l i n u m a e t a l . , 2 0 0 7 ; S v i r r a t t e t a l . , 2 0 0 8 ) . D e s p i t e t h e r e c e n t i d e n t i f i c a t i o n o f
o r g a n o s u l f a t e s a n d n i t r o o x y o r g a n o s u l f a t e s d e r i v e d f r o m B V O C o x i d a t i o n i n a m b i e n t
P M 2 5 , t h e s o u r c e s , f o r m a t i o n m e c h a n i s m s , u b i q u i t y , c h e m i c a l s t r u c t u r e s , a n d a bu n d a n c e s
o f o r g a n o s u l f a t e s s t i l l r e q u i r e f u r t h e r c l a r i f i c a t i o n .
I n a n a t t e m p t t o e l u c i d a t e t h e c h e m i c a l s t r u c t u r e o f a n u m b e r o f t h e s e
o r g a n o s u l f a t e s a n d t o d e t e r m i n e t h e i r u b i q u i t y i n t h e n a t u r a l e n v i r o n m e n t , Su r r a t t e t a l .
(2 0 0 8 ) e x a m i n e d 10 m o n o t e r p e n e s , a s w e l l a s i s o p r e n e , i n a v a r i e t y o f sm o g c h a m b e r
e x p e r im e n t s . R e a c t i o n s w e r e c o n d u c t e d a t < 9% r e l a t i v e h u m i d i t y (R H ) u n d e r v a r i o u s
o x i d a t i o n c o n d i t i o n s , i n c lu d i n g O H - i n i t i a t e d o x i d a t i o n , v a r y i n g N O x l e v e l s , a n d v a r y i n g
s e e d a e r o s o l a c i d i t i e s . T h r o u gh d e t a i l e d a n a l 3^ i c a l c h e m i s t r y t e c hn i q u e s , i n c l u d i n g
t a n d e m m a s s s p e c t r o m e t r y u s i n g a l i n e a r i o n t r a p m a s s s p e c t r o m e t e r a s w e l l a s h i g h -
r e s o l u t i o n m a s s s p e c t r o m e t r y , s t r u c t u r e s o f m o s t o f t h e 4 5 o r g a n o s u l f a t e s c h a r a c t e r i z e d
th r o u g h l i q u i d c hr o m a t o g r a p h y w e r e t e n t a t i v e l y p r o p o s e d H o w e v e r , n o t a l l s t r u c t u r e s
c o u l d b e c o n c l u s i v e l y d e t e r m i n e d du e t o t h e l a c k o f a u t h e n t i c s t a n da r d s , a n d c o n t i n u e d
e x a m i n a t i o n i s n e e d e d t o m o r e fu l l y c h a r a c t e r i z e t h e r a n g e o f o r g a n o s u l f a t e s f o u n d i n
a m b i e n t a e r o s o l .
T h e i n c r e a s i n g im p o r t a n c e o f q u a n t i f y i n g a n d c h e m i c a l l y c h a r a c t e r i z i n g B SO A
c o n s t i t u e n t s a t t h e m o l e c u l a r l e v e l c o u l d h e l p i n f o r m p o l i c y m a k e r s o f t h e b e s t w a y s t o
r e du c e a i r p o l l u t i o n f r o m P M 2 5 m a s s . T h e C a l i f o r n i a R e s e a r c h a t t h e N e x u s o f A i r
Qu a l i t y a n d C l im a t e C h a n g e (C a lN e x ) c a m p a i g n , w i t h g r o u n d s i t e s i n P a s a d e n a , C A a n d
B a k e r s f i e l d , CA , w a s o r g a n i z e d t o a n s w e r a n u m b e r o f s c i e n c e q u e s t i o n s t o p r o v i d e
t im e l y a n d r e l e v a n t i n f o r m a t i o n f o r p o l i c y m a k e r s (R y e r s o n e t a l . , 2 0 12 ) . A n u m b e r o f
q u e s t i o n s p o s e d b y t h e o r g a n i z e r s o f t h e C a lN e x c a m p a i g n r e l a t e t o t h e s t u d y o f B S O A
a n d o r g a n o s u l f a t e s i n p a r t i c u l a r . B y c h e m i c a l l y c h a r a c t e r i z i n g o r g a n o s u l f a t e s d e r i v e d
f r o m B V O C o x i d a t i o n s a n d t h e i r c o n t r i b u t i o n t o t h e t o t a l o r g a n i c c a r b o n (O C ) a s w e l l a s
d e t e r m i n i n g t h e c o n d i t i o n s t h a t p r o m o t e t h e i r f o r m a t i o n , t h e i n f o rm a t i o n o b t a i n e d c a n
b e g i n t o a i d i n a n s w e r i n g t h e f o l l o w i n g q u e s t i o n s :
• H o w im p o r t a n t a r e c h e m i c a l p r o c e s s e s o c c u r r i n g a t n i gh t i n d e t e r m i n i n g t r a n s p o r t
a n d / o r l o s s o f N O
x ,
r e a c t i v e V O C a n d O 3 ?
• A r e t h e r e r e g i o n a l d i f f e r e n c e s i n t h e f o r m a t i o n r a t e s a n d e f f i c i e n c y f o r p a r t i c u l a t e
m a t t e r ?
• W h a t i s t h e r o l e o f a q u e o u s - p h a s e p r o c e s s e s i n a t m o s p h e r i c t r a n s f o r m a t i o n s ?
I n t h i s w o r k
,
w e c h e m i c a l l y c h a r a c t e r i z e a n d qu a n t i fy a v a r i e t y o f o r g a n o s u l f a t e s
f o u n d i n PM 2 5 c o l l e c t e d d u r i n g t h e C a lN e x fi e l d c a m p a i gn i n B a k e r s fi e l d , C A . B y u s i n g
l i q u i d c h r o m a t o g r a p h y (L C ) c o u p l e d w i t h e l e c t r o s p r a y i o n i z a t i o n h i g h - r e s o l u t i o n
q u a dr u p o l e t im e - o f - f l i g h t m a s s s p e c t r o m e t r y (E SI - H R - Q - T O FM S) i n c o n j u n c t i o n w i t h
o t h e r d a t a s e t s c o l l e c t e d a t t h e g r o u n d s i t e , s u c h a s s u p p o r t in g g a s - a n d p a r t i c l e - p h a s e a n d
m e t e o r o l o g i c a l i n f o r m a t i o n , t h e m a s s c o n t r i bu t i o n s o f o r g a n o s u l f a t e s t o O C a n d t h e
a t m o s p h e r i c c o n d i t i o n s t h a t p r o m o t e o r g a n o s u l f a t e fo r m a t i o n f r o m B V O C s i s d e t e r m i n e d .





F i e l d Sa m p l i n g
T h e C a lN e x fi e l d c a m p a i g n o c c u r r e d f r o m M a y t hr o u g h A u g u s t 2 0 10 , w i t h
g r o u n d s it e s l o c a t e d o n t h e C a l i f o r n i a I n s t i t u t e o f T e c hn o l o g y (C a l T e c h ) c a m p u s i n
P a s a d e n a , CA a n d a t t h e U n i v e r s i t y o f C a l i f o r n i a C o o p e r a t i v e E x t e n s i o n l o c a t e d i n
B a k e r s fi e l d
,
C A . A d d i t i o n a l m e a s u r e m e n t s w e r e m a d e a t a n u m b e r o f o t h e r c a m p a i g n s
o c c u r r i n g s im u l t a n e o u s l y w i t h C a lN e x . I n c o n j u n c t i o n w i t h t h e C a lN e x fi e l d c a m p a i gn .
t h e C a l M e x c a m p a i g n l o c a t e d i n T ij u a n a , M e x i c o r a n f r o m M a y t h r o u g h Ju n e 2 0 10 . I n
Sa c r am e n t o , C a l i f o r n i a , t h e C a r b o n a c e o u s A e r o s o l s a n d R a d i a t i v e E f f e c t s St u d y
(C A R E S ) o c c u r r e d d u r i n g J u n e 2 0 1 0 . A l l a n a l y s e s p r e s e n t e d i n t h i s s t u d y , h o w e v e r ,
f o c u s o n m e a s u r e m e n t s m a d e d i r e c t l y a t t h e B a k e r s f i e l d g r o u n d s i t e .
A d d i t i o n a l g a s - p h a s e a n d m e t e o r o l o g i c a l d a t a i s a v a i l a b l e t h r o u g h t h e C a l i f o r n i a
A i r R e s o u r c e s B o a r d (CA R B ) A i r Q u a l i t y a n d M e t e o r o l o g i c a l I n f o r m a t i o n Sy s t e m
(A QM I S) (CA R B , 2 0 1 1 ) . I n t h e S a n J o a q u i n V a l l e y a l o n e , t h e r e a r e 3 9 a i r - m o n it o r i n g
s i t e s w i t h r e g i o n a l a n d l o c a l a i r q u a l i t y i n f o r m a t i o n t h a t c a n b e u s e d t o b e t t e r u n d e r s t a n d
th e c o n d i t i o n s u n d e r w h i c h V O C s a r e b e i n g t r a n s f o r m e d . T h e t hr e e s i t e s s h o w n i n
F i g u r e 2 w e r e c h o s e n t o b e g e o g r a p h i c a l l y d i v e r s e r e l a t i v e t o B a k e r s f i e l d , a n d a l s o d u e
t o t h e w i d e r a n ge o f m e a s u r e m e n t s a v a i l a b l e a t e a c h . E a c h i s a t l e a s t 2 0 m i l e s a w a y f r o m
t h e fi e l d s i t e
,
w i t h Sh a ft e r - W a l k e r St r e e t 2 0 m i l e s t o t h e n o r t h w e s t
,
M a d e r a - P u m p Y a r d
13 0 m i l e s t o t h e n o r t h
,
a n d A r v i n - B e a r M o u n t a i n B o u l e v a r d 2 0 m i l e s t o t h e s o u t h e a s t .
M e a s u r e m e n t s o f d a i l y p e a k a n d a v e r a g e t e m p e r a t u r e , R H , N O x , a n d O 3 w e r e a v a i l a b l e
c o n c u r r e n t l y w i t h d a t a f r o m t h e B a k e r s f i e l d g r o u n d s i t e .
r r e s n o - S ie r r a S k y p a r k # 2
C l o v rs - N V i lla A v e n u e
M a C e t a P u i r . p Y a r d F r e s n o - 1 S t S t r e e t ^
F r e s n o - H a m i l t o n & W i n e ry
Pa r li © M 39 00 T ii o ! u m n e S t r e e t
V S e q u o ia N a t l P^ r k - L o w e r K a w e a h
F R ES N O Se q u o i a & K i n g s C a n y o n N P
V is a l ia - N C h y r c t i S t r e e t
V is a l la - A lr po r t
H a m o rd
Ha r i f o r d - M WS /N O A A
C o f c o f a n - P a t f e r s o n A v e n u e
K IN G S
T U L A R E
S h a n e f - W a l k e r S t r e e t
O il d a te - 3 31 1 M a n o r S t r e e t
Ba k e r s fi e U >G Q id e n S t a t e
H i gh w a y
EB a ke r s r ie i d - 5 5 5 8 C a l i f o m l a A v e
A r v i n - B e a r K^ n Sa n B tv d lBa Ke r s Re d ^ i O E P l a n z Ro a d
t r e e t 1/
K E R N
M a r i c o p a ' S t s n i s l a u s S
F i g u r e 2 . M a p o f a i r m o n i t o r i n g s i t e s (o u t l i n e d i n r e d ) o p e r a t e d b y C A R B s u r r o u n d i n g
t h e B a k e r s f i e l d g r o u n d s i t e (o u t l i n e d i n g r e e n )
PM 2 5 s a m p l e s w e r e c o l l e c t e d fr o m M a y 19
'
t hr o u gh Ju n e 2 6
" ^
i n B a k e r s fi e l d , C A ,
a s a p a r t o f t h e C a lN e x fi e l d c a m p a i g n . T h e fi e l d s i t e w a s l o c a t e d a t 3 5 . 3 4
° N , 1 1 8 . 9 7
° W
,
fi v e m i l e s s o u t h e a s t o f t h e c e n t e r o f B a k e r s fi e l d
, p o p u l a t i o n 3 5 0 , 0 0 0 . A h i gh - v o l u m e
fi l t e r s a m p l e r o p e r a t i n g a t 2 2 6 L m i n
" ' w i t h a PM 2 5 i n l e t w a s u s e d t o c o l l e c t a e r o s o l o n t o
p r e - b a k e d 8 6 c m q u a r t z fi b e r fi l t e r s . Sa m p l e s w e r e c o l l e c t e d o n a d a i l y b a s i s f r o m
m i d n i g h t t o 1 1p m l o c a l t im e a n d t h e 3 8 2 3 - hr f i l t e r s a m p l e s w e r e st o r e d i n a f r e e z e r a t -
1 8
° C u n t i l c h e m i c a l a n a l y s i s . F i e l d b l a n k s w e r e c o l l e c t e d w e e k l y b y p l a c i n g a p r e - b a k e d
q u a r t z fi b e r f i l t e r i n t o t h e s a m p l e r f o r 15 m i n u t e s b e f o r e r e m o v i n g a n d s t o r i n g i n t h e
s a m e m a n n e r a s t h e fi e l d s a m p l e s . F i l t e r s w e r e m a d e a v a i l a b l e s o t h a t a d d i t i o n a l
m e a s u r e m e n t s c o u l d b e m a d e b y o t h e r r e s e a r c h g r o u p s , i n c l u d i n g r a d i o c a r b o n (
' "^
C ) ,
o r g a n i c c a r b o n / e l e m e n t a l c a r b o n (O C / E C ) , a n d G C / M S a n a l y s e s . A d d i t i o n a l
8
m e t e o r o l o g i c a l , g a s - p h a s e , a n d p a r t i c l e - p h a s e m e a s u r e m e n t s w e r e a l s o u t i l i z e d t o b e t t e r
d e s c r i b e t h e f o r m a t i o n a n d s o u r c e o f t h e o b s e r v e d o r g a n o s u l f a t e s . A l l m e a s u r e m e n t s u s e d
a r e s u m m a r i z e d i n T a b l e 1 .
T a b l e 1. M e t e o r o l o g i c a l , g a s - p h a s e , a n d p a r t i c l e - p h a s e m e a s u r e m e n t s
M e a s u r e m e n t s
A n a l y t i c a l
T e c h n i q u e
L o c a t i o n s





A c c e l e r a t o r
M a s s
Sp e c t r o m e t r y
"
B a k e r s f i e l d E P A
A n i o n a n d C a t i o n
P a r t i c l e - P h a s e
C o n c e n t r a t i o n s
A I M - I C '' B a k e r s fi e l d
Je n n i f e r M u r p h y ,
T r e v o r
V a n d e n B o e r
P a r t i c l e - P h a s e
A m m o n i u m
,
N i t r a t e
,
Su l f a t e
,
a n d O r g a n i c
C o n c e n t r a t i o n s
A M S' B a k e r s fi e l d
L y n n R u s s e l l ,
D o u g D a y
B a r o m e t r i c
P r e s s u r e
B a k e r s fi e l d U C - B e r k e l e y
B V O C m i x i n g
r a t i o s
g c /m s - f i d " B a k e r s fi e l d D r e w G e n t n e r
H N O 3 C I M S
'
B a k e r s fi e l d M e l i n d a B e a v e r
I s o p r e n e P r o du c t
T r a c e r s
G C /M S^ B a k e r s fi e l d E P A
N O
x
B a k e r s fi e l d , Sh a ft e r -
W a l k e r St , M a de r a - P u m p
Y a r d
,
A r v i n - B e a r
M o u n t a i n B l v d
U C - B e r k e l e y ,
C A R B
O C / E C
T h e r m a l -
o p t i c a l
m e t h o d ^
B a k e r s fi e l d E P A
O 3
B a k e r s fi e l d
,
Sh a ft e r -
W a l k e r S t , M a d e r a - P u m p
Y a r d , A r v i n - B e a r
M o u n t a i n B l v d
U C - B e r k e l e y ,
CA R B
R H
B a k e r s fi e l d
,
Sh a ft e r -
W a l k e r St , M a d e r a - P u m p
Y a r d
U C - B e r k e l e y ,
CA R B
So l a r R a d i a t i o n B a k e r s fi e l d U C - B e r k e l e y
M e a s u r e m e n t s
A n a l y t i c a l
T e c h n i q u e
L o c a t i o n s
D a t a C o u r t e s y
O f
T e m p e r a t u r e
B a k e r s f i e l d , Sh a ft e r -
W a l k e r St , M a d e r a - P u m p
Y a r d
,
A r v i n - B e a r
M o u n t a i n B l v d
U C - B e r k e l e y ,
C A R B
W i n d D i r e c t i o n B a k e r s fi e l d U C - B e r k e l e y
W i n d Sp e e d B a k e r s fi e l d U C - B e r k e l e y
W SO C
T O C
a n a l y z e r
' ' B a k e r s fi e l d R o d n e y W e b e r
^
L e w i s e t a l . (2 0 04 )
" E l l i s e t a l . (2 0 1 1)
'
J im e n e z e t a l . (2 0 0 3)
* *
F a r e s e t a l . (2 0 1 1)
'
C r o u n s e e t a l . (2 0 0 6 )
"
^
K l e i n di e n s t e t a l (2 0 0 7 )
^ B i r c h a n d C a r y ( 19 9 6 )
''
H e c o b i a n e t a l . (2 0 10 )
2 . 2 . F i l t e r E x t r a c t i o n P r o c e d u r e s
B e f o r e c h e m i c a l a n a l y s e s , fi l t e r s a m p l e s w e r e e x t r a c t e d i n 1 5 m L o f h i gh - p u r i t y
m e t h a n o l (L C - M S C h r o m a s o l v g r a d e , Si gm a - A l d r i c h ) b y u l t r a s o n i c a t i o n f o r 4 5 m i n
b e f o r e b e i n g p a s s e d th r o u gh a 2 5 m m A c r o d i s c s y r i n g e f i lt e r w i t h a 0 . 2 |i m P T F E
m e m b r a n e (P a l l L i f e Sc i e n c e s ) t o r e m o v e s o o t p a r t i c l e s a n d q u a r t z fi l t e r fi b e r s . E x t r a c t s
w e r e d r i e d u n d e r a g e n t l e s t r e a m o f N 2 g a s a t a m b i e n t t e m p e r a t u r e . D r i e d e x t r a c t s w e r e
t h e n r e c o n s t i t u t e d u s i n g 2 5 0 |a L o f a 1 : 1 (v / v ) s o l v e n t m i x t u r e o f 0 . 1% a c e t i c a c i d i n
w a t e r (L C - M S Ch r o m a s o l v g r a d e , S i g m a - A l dr i c h ) a n d 0 . 1% a c e t i c a c i d i n m e th a n o l (L C -
M S C h r o m a s o l v g r a d e , S i gm a - A l d r i c h ) . R e c o n s t i t u t e d s a m p l e s w e r e s h a k e n a n d
s o n i c a t e d f o r 5 m i n b e fo r e b e i n g s t o r e d a t - 2 0
° C u n t i l c h e m i c a l a n a l y s i s . B o t h t h e fi e l d -
a n d l a b - b l a n k q u a r t z fi l t e r s w e r e t r e a t e d s im i l a r l y t o t h e a m b i e n t s a m p l e s ; n o o r g a n i c
a e r o s o l c o n s t i t u e n t s d e t e c t e d o n t h e a m b i e n t fi l t e r s a m p l e s w e r e s e e n i n t h e s e b l a n k s ,
i n d i c a t i n g t h a t c o m p o u n d s d e t e c t e d w e r e n o t i n t r o du c e d d u r i n g s a m p l e s t o r a g e o r
p r e p a r a t i o n .
1 0
2 . 3 . U l t r a P e r f o r m a n c e L i q u i d C h r o m a t o g r a p h y /E l e c t r o s p r a y I o n i z a t i o n H i g h -
R e s o l u t i o n Q u a d r u p o l e T im e - o f - F l i g h t M a s s S p e c t r o m e t r y (U P L C /E S I - H R - Q -
T O F M S)
F i e l d s a m p l e e x t r a c t s w e r e a n a l y z e d b y a n A g i l e n t u lt r a p e r f o r m a n c e l i q u i d
c h r o m a t o g r a p h y (U P L C) s y s t e m c o u p l e d t o a A g i l e n t 6 52 0 Se r i e s A c c u r a t e - M a s s h i g h
r e s o l u t i o n q u a d r u p o l e t i m e - o f
- f l i g h t m a s s sp e c t r o m e t e r (Q - T O F M S) e q u i p p e d w i t h a n
e l e c t r o s p r a y i o n i z a t i o n (E SI ) s o u r c e o p e r a t e d i n t h e n e g a t i v e i o n m o d e . O p t i m a l E S I
c o n d i t i o n s w e r e f o u n d u s i n g a c a p i l l a r y v o l t a g e o f 3 5 0 0 V , 10 0 V f r a gm e n t o r v o l t a g e , 6 2
V s k im m e r v o l t a g e , 3 0 0
° C d r y i n g g a s a t 10 L m i n
" '
,
3 5 p s i g n e b u l i z e r , 10 p s i g r e fe r e n c e
n e b u l i z e r
,
a n d a 3 5 p s i g r e f e r e n c e m a s s f e e d . T h e s e o p e r a t i n g c o n d i t i o n s w e r e d e t e r m i n e d
b y i n j e c t i n g s a m p l e s m u l t i p l e t im e s a n d a dj u s t i n g p a r a m e t e r s t o i n c r e a s e s e n s i t i v i t y a n d
r e d u c e f r a g m e n t a t i o n o f t h e o b s e r v e d i o n s . T h e E S I - H R - Q - T O F M S c o l l e c t e d m a s s
s p e c t r a f r o m m / z 6 3 t o 10 0 0 . C h r o m a t o g r a p h i c s e p a r a t i o n s w e r e c a r r i e d o u t u s i n g a
W a t e r s A c q u i t y U P L C H S S (h i gh - s t r e n g t h s i l i c a ) c o l u m n (2 . 1 x 10 0 m m , 1. 8 |x m p a r t i c l e
s i z e ) a t 4 5
° C . T h e m o b i l e p h a s e s c o n s i s t e d o f e l u e n t (A ) 0 . 1% a c e t i c a c i d i n w a t e r (L C -
M S C hr o m a s o l v g r a d e , Si g m a - A l d r i c h ) a n d e l u e n t (B ) 0 . 1% a c e t i c a c i d i n m e th a n o l (L C -
M S Ch r o m a s o l v g r a d e , Si g m a - A l d r i c h ) . A n a p p l i e d 15 m i n g r a d i e n t e l u t i o n p r o g r a m w a s
o p e r a t e d a s f o l l o w s : e l u e n t B w a s h e l d a t 0% f o r t h e fi r s t 2 m i n , i n c r e a s e d f r o m 0% t o
9 0% f r o m 2 t o 10 m i n
,
h e l d a t 9 0% f r o m 10 t o 1 1 m i n
,
a n d th e n d e c r e a s e d b a c k t o 0%
f r o m 1 1 t o 1 5 m i n . T h e fl o w r a t e w a s 0 . 3 m L m i n
' '
a n d th e i n j e c t i o n v o l u m e w a s 5 |j L
T h e Q- T O F M S w a s t u n e d p r i o r t o e a c h a n a l y s i s p e r i o d u s i n g a c o m m e r c i a l l y a v a i l a b l e
E SI - L l o w c o n c e n t r a t i o n t u n i n g m i x t u r e (A g i l e n t T e c h n o l o g y ) (Z h a n g e t a l . , 2 0 1 1 ) .
C a l i b r a t i o n w a s c o n d u c t e d t h r o u g h o u t w i t h a c o n s t a n t i n f u s i o n i n t o t h e E SI s o u r c e o f a
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r e f e r e n c e m i x t u r e c o n s i s t i n g o f p u r i n e { m / z 1 1 9 . 0 4 4 ) , l e u c i n e - e n k e p h a l i n { m / z 5 5 4 2 6 9 ) ,
a n d H P - 0 9 2 1 a c e t a t e a d d u c t {m / z 9 8 0 . 0 16 ) (A g i l e n t T e c hn o l o g i e s ) c o v e r i n g t h e e n t i r e
m a s s r a n g e o f c o m p o u n d s c o n s i d e r e d . M a s s r e s o l u t i o n w a s m a i n t a i n e d a t - 9 0 0 0 , w h i c h
a l l o w s f o r a c c u r a t e m a s s m e a s u r e m e n t s a n d s u b s e q u e n t e l e m e n t a l c o m p o s i t i o n s o f
o b s e r v e d i o n s t o b e d e t e r m i n e d . D a t a w e r e a c q u i r e d a n d a n a l y z e d u s i n g M a s s H u n t e r
V e r s i o n B . 0 3 . 0 1 B u i l d 3 . 1 . 3 4 6 . 0 s o ft w a r e .
St r u c t u r a l c h a r a c t e r i s t i c s o f s e l e c t o r g a n o s u l f a t e s ( i . e . , w / z 2 1 5 , 2 6 0 , a n d 2 9 4 )
w e r e c o n f i r m e d u s i n g t a n d e m m a s s s p e c t r o m e t r y (M S/M S ) . A d d i t i o n a l c o l l i s i o n e n e r g y ,
r a n g i n g f r o m 2 2 V t o 5 0 V b a s e d u p o n t h e d e t e c t e d i o n m a s s , w a s a p p l i e d t o f r a g m e n t
a n y i o n s t h a t h a d b e e n d e t e c t e d a t g r e a t e r t h a n 2 0 0 0 c o u n t s . T h i s r a n g e w a s d e t e r m i n e d
b y i n j e c t i n g f i e l d s a m p l e s r a t h e r t h a n s t a n d a r d s t o o p t im i z e f r a g m e n t a t i o n o f t h e d e t e c t e d
i o n s .
2 . 4 . Q u a n t i fi c a t i o n
N o n e o f t h e o r g a n o s u l f a t e s d e t e c t e d i n t h e P M 2 5 s a m p l e s h a v e c o m m e r c i a l l y
a v a i l a b l e s t a n d a r d s f o r q u a n t i f i c a t i o n . A s a r e s u lt , c a l i b r a t i o n c u r v e s o f p r o p y l s u l f a t e
(C i t y C h e m i c a l , 9 8% p u r i t y ) , o c t y l s u l f a t e (S i gm a , 9 9% p u r i t y ) , a n d d e c y l s u l f a t e (F l u k a ,
9 9% p u r i t y ) (s t r u c t u r e s a n d c a l i b r a t i o n c u r v e s s h o w n i n F i g u r e A - 1 a n d F i g u r e A - 2
r e s p e c t i v e l y o f t h e a p p e n d i x ) w e r e g e n e r a t e d f o r u s e a s s u r r o g a t e s t a n d a r d s . T h e s e t hr e e
c o m p o u n d s a l l c o n t a i n e d a n o r g a n o s u l f a t e g r o u p (R - O S O 3 ) , t h e r e f o r e t h e i r r e s p o n s e
f a c t o r d u r i n g U P L C /E SI - H R - Q - T O FM S a n a l y s e s s h o u l d b e s im i l a r t o t h o s e o f t h e
m e a s u r e d o r g a n o s u l f a t e s d e r i v e d fr o m B V O C o x i d a t i o n . O n e o f t h e s e t h r e e s u r r o g a t e
s t a n d a r d s w a s c h o s e n t o q u a n t i fy t h e o b s e r v e d o r g a n o s u l f a t e s f r o m B a k e r s fi e ld o n t h e
b a s i s o f r e t e n t i o n t im e (R T ) a n d s t r u c t u r a l s im i l a r i t y (i . e . , s im i l a r c a r b o n n u m b e r s ) .
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E x t r a c t i o n e f f i c i e n c y a s d e t e rm i n e d b y a n a l y z i n g b l a n k f i lt e r s s p i k e d w i t h t h e s u r r o g a t e
s t a n d a r d s r a n g e d f r o m 7 3 - 7 6% a n d a c o n s t a n t c o r r e c t i o n fa c t o r o f 7 5% w a s a p p l i e d .
C o r r e c t i o n s f o r t h e q u a n t i t y o f f i l t e r e x t r a c t e d w e r e m a d e , a n d a l l c o n c e n t r a t i o n s a n d
a bu n d a n c e s r e p o r t e d a r e f o r t h e e n t i r e 8 6 - c m q u a r t z f i l t e r . D a i l y a m b i e n t c o n c e n t r a t i o n s
o f a l l o r g a n o s u l f a t e s a r e i n T a b l e A - 1 9 - T a b l e A - 2 4 .
3 . R e s u l t s & D i s c u s s i o n
T h i r t y d i f f e r e n t o r g a n o s u l f a t e s a n d n i t r o o x y o r g a n o s u l f a t e s c h a r a c t e r i z e d b y
Su r r a t t e t a l . (2 0 0 8) w e r e o b s e r v e d th r o u g h o u t t h e C a lN e x c a m p a i gn f r o m P M 2 5 s a m p l e s
c o l l e c t e d f r o m t h e B a k e r s f i e l d , C A g r o u n d s i t e . T h e y w e r e d e r i v e d f r o m a r a n g e o f
t e r p e n e s , i n c l u d i n g i s o p r e n e , a - p i n e n e , a n d cZ- l im o n e n e . A r e p r e s e n t a t i v e b a s e p e a k
c h r o m a t o g r a m (B P C ) i s s h o w n i n F i g u r e 3 . G e n e r a l l y , t h e i s o p r e n e - d e r i v e d
o r g a n o s u l f a t e s w e r e s e e n i n t h e fi r s t t h r e e m i n u t e s , w h i l e t h e m o n o t e r p e n e - d e r i v e d
o r g a n o s u l f a t e s a r e l e s s w a t e r - s o l u b l e a n d t h e r e f o r e e l u t e d i n t h e l a t t e r p o r t i o n o f t h e B P C
(i . e , a ft e r s i x m i n u t e s ) . A s c a n b e s e e n i n t h e B P C , t h e m o s t r e s p o n s i v e c o m p o u n d s
o b s e r v e d b y th e U P L C / (- )E SI - H R - Q- T O F M S t e c h n i qu e t e n d e d n o t t o b e o r g a n o s u l f a t e s ,
w i t h th e e x c e p t i o n o f m / z 2 9 4 (C i oH i eN O y S
"
,
t hr e e i s o m e r s ) a n d 2 9 6 (C gH n N O gS
"
, t w o
i s o m e r s ) , w i t h t h e m o s t a b u n d a n t i s o m e r s e l u t i n g a t 1 1 a n d 9 . 5 m i n u t e s , r e s p e c t i v e l y . T h e
e l e m e n t a l c o m p o s i t i o n s o f t h e n o n - o r g a n o s u l f a t e i o n s o b s e r v e d i n t h e B P C s h o w n i n
F i g u r e 3 i n c l u d e d : C 3H 3 O 4
"
(m / z 10 3 , R T = 1 . 4 m i n ) , C 5H 7O 3
"
{m /z 1 15 , R T = 5 . 7 m i n ) ,
C 4H 5 O 4
"
(m / z 1 17 , R T = 3 . 1 m i n ) , C 5H 7O 5
"
(m / z 14 7 , R T = 1 . 3 m i n ) , C 7H 9 0 4
"
(m / z 15 7 ,
R T = 6 . 9 m i n ) , C 4H 7 0 7
'
(m / z 16 7 , R T = 2 . 5 m i n ) , C 8H i i 0 4
'
(m / z 1 7 1 , R T = 7 . 5 m i n ) ,
C 8H 9O 5
"
(m / z 1 8 5 , R T = 8 m i n ) , C gH i oO j
"
(m /z 18 7 , R T = 6 . 6 m i n ) , C 9H 15O 4
"
(m / z 1 87 ,
R T = 10 . 2 m i n ) , a n d C gH n O e
"
(m / z 2 0 3 , R T = 7 . 4 m i n ) . I t s h o u l d b e n o t e d t h a t t h e
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c o m p o u n d s o b s e r v e d a t m / z 1 57 , 1 7 1 , 1 8 5 , a n d 1 8 7 (R T — 6 . 6 m i n ) h a v e b e e n p r e v i o u s l y
c h a r a c t e r i z e d b y E SI - M S t e c h n i q u e s t o b e t e r p e n o i c a c i d s (Y a s m e e n e t a l . , 2 0 1 1) .
A d d i t i o n a l l y , m / z 2 0 3 h a s p r e v i o u s l y b e e n r e p o r t e d t o b e t h e C g - t r i c a r b o x y l i c a c i d k n o w n
a s 3 - m e t h y l - l , 2 , 3 - b u t a n e t r i c a r b o x y l i c a c i d , a n o x i d a t i o n p r o d u c t o f a - p i n e n e (Sz m i g i e l s k i
e t a l . , 2 0 0 7) . I t i s w o r t h p o i n t i n g t h e s e o u t s i n c e o t h e r t e r p e n e p r o d u c t s b e s i d e s
o r g a n o s u l f a t e s a r e o b s e r v e d a t t h i s l o c a t i o n ; h o w e v e r , i n t h i s s t u d y w e o n l y f o c u s o n t h e
o r g a n o s u l f a t e s . A d d i t i o n a l l y , c o m p o u n d s s e e n e l u t i n g i n t h e f i r s t s i x m i n u t e s h a v e b e e n
p r e v i o u s l y o b s e r v e d i n o t h e r u r b a n a r e a s , i n c l u d i n g d i a c i d s s u c h a s m / z 10 3 (m a l o n i c
a c i d ) , m / z 1 17 (s u c c i n i c a c i d ) , a n d m / z 1 4 7 (c i t r a m a l i c a c i d ) (L e w a n d o s k i e t a l . , 2 0 0 7 ; H o
e t a l
,
2 0 10 ; St o n e e t a l . , 2 0 1 0) . T h e i d e n t i t i e s o f t h e m / z 1 1 5 a n d 16 7 a c i d i c c o m p o u n d s
c o u l d n o t b e i d e n t i fi e d h e r e , b u t t o o u r k n o w l e d g e th e y a r e n o t f o r m e d f r o m th e o x i d a t i o n
o f B V O C s . T h e m / z 18 7 c o m p o u n d e l u t i n g a t 10 . 2 m i n i s l i k e l y a z e l a i c a c i d , w h i c h h a s
a l s o b e e n o b s e r v e d i n u r b a n a r e a s a n d p r e v i o u s l y p r o p o s e d t o b e d e r i v e d f r o m th e
o x i d a t i o n o f u n s a t u r a t e d f a t t y a c i d s (G a o e t a l , 2 0 0 6 ; H o e t a l . , 2 0 10 ; R o g g e e t a l . , 19 9 1,
1 9 9 8 ) .
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1 8 5 . 0 4 4 8
2 9 4 0 6 5 3
2 9 4 0 6 5 2
2 9 4 0 6 5 3
14 6 9 6 6 0
3 7 3 0 5 5 8
2 9 6 0 4 4 3
1 5 7 0 5 0 7
1 7 1 0 6 5 8
1 6 7 0 2 1 0
1 0 3 0 0 3 8
0 3 0 5 7 2
8 7 0 9 7
1 8 7 0 6 1 1
1 1 5 0 4 0 4 2 9 6 0 4 3 8
V1 17 0 1 9 3
A c qu i s i t i o n T i m e ( m i n )
F i g u r e 3 . B P C o bt a i n e d f o r a PM 2 5 s a m p l e c o l l e c t e d o n J u n e 1 1 , 2 0 10 . A s t e r i s k s d e n o t e
p e a k s w h i c h a l s o a p p e a r i n f i e l d b l a n k s a m p l e s .
T h e t o t a l a e r o s o l m a s s c o n c e n t r a t i o n o f t h e m e a s u r e d o r ga n o s u l f a t e s r a n g e d fr o m
0 . 4 8 n g m
" ^
t o 16 . 9 n g m
" ^
, a v e r a g i n g 6 . 0 n g m
' ^
(T a b l e 2 ) . I d e n t i t i e s o f e a c h o f t h e
c o m p o u n d s w e r e c o n f i r m e d b y d u p l i c a t i n g r e t e n t i o n o r d e r s e e n i n Su r r a t t e t a l . (2 0 0 8 )
a n d a c c u r a t e m a s s d a t a m a t c h i n g w i t h i n 4 m D a . S e l e c t c o m p o u n d s w e r e f u r t h e r
c o n f i r m e d b y d u p l i c a t i n g p r e v i o u s l y p u b l i s h e d f r a g m e n t a t i o n p a t t e r n s i n M S/M S s c a n s
(Su r r a t t e t a l . 2 0 0 8 ) .
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T a b l e 2 . S u m m a r y o f o r g a n o s u l f a t e a v e r a g e , m i n i m u m , a n d m a x i m u m c o n c e n t r a t i o n s
d u r i n g t h e c a m p a i g n
Co n c e n t r a t i o n s , i n n g m
" ^
A v e r a g e iVI i n im u m M a x i m u m
Is o p r e n e - D e r iv e d
O r g a n o s u lf a t e s
1 . 0 5 0 . 0 0 3 . 1 0
Is o p r e n e - D e r i v e d
N it r o o x y 0 . 2 2 0 . 0 0 0 . 6 7
O r g a n o s u lf a t e s
M o n o t e r p e n e - D e r iv e d „ „ ^ „ „ „ ^ _ , ^
, r ^
0 . 9 5 0 . 0 9 1 . 7 0
O r g a n o s u lf a t e s
M o n o t e r p e n e - D e r i v e d
N i t r o o x y 3 . 3 2 0 . 1 4 1 2 . 8 4
O r g a n o s u lf a t e s
O t h e r O r g a n o s u l f a t e s 0 . 4 2 O O l 1 . 3 9
A l l O r g a n o s u lf a t e s 5 ^9 6 0 4 8 1 6 . 8 8
O r g a n i c M a t t e r ^ , _ , „ „ ^ _ ^ ^
- \ ^ , 3 \ 3 . 4 7 0 9 3 7 . 5 5C o n c e n t r a t i o n (u g m - 3 )
% C o n t r i b u t i o n o f „ . . . , „ / „ „ , - n x « ^ ^ n ,
14: * * r ^ r / ,
0 1 7 % 0 . 0 5 % 0 . 2 2 %
O r g a n o s u lf a t e s t o O M
G e n e r a l t r e n d s c a n b e s e e n f r o m t h e t im e s e r i e s o f a l l o f t h e o r g a n o s u l f a t e s du r i n g
t h e c a m p a i gn a t t h e B a k e r s f i e l d g r o u n d s i t e (F i g u r e s 5 , 1 0 , 1 2 , a n d 14 ) . T h e s i t e
e x p e r i e n c e d g r a du a l l y i n c r e a s i n g t e m p e r a t u r e s t h r o u g h o u t t h e c a m p a i g n , w i t h t h e h i gh e s t
t e m p e r a t u r e s (3 5 - 3 7
° C ) e x p e r i e n c e d f r o m m i d - J u n e t h r o u g h t h e e n d o f t h e m e a s u r e m e n t
p e r i o d o n Ju n e 2 6
' ^
, a s s e e n i n F i g u r e 4 . T h i s c o r r e s p o n d s w i t h a g r a d u a l i n c r e a s e i n
a b u n d a n c e s o f a l l c o m p o u n d s , a l t h o u gh n o s i gn i f i c a n t (R
^
> 0 . 2 5 ) c o r r e l a t i o n w a s s e e n
f o r a n y i n d i v i d u a l c o m p o u n d o r c l a s s o f c o m p o u n d s T h i s i s d u e t o i n c r e a s e d B V O C
e m i s s i o n s (T a b l e A - 1 ) , w h i c h a r e t e m p e r a t u r e - a n d l i gh t - s e n s i t i v e a n d m o r e l i k e l y t o
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o c c u r i n s i g n i fi c a n t q u a n t i t i e s a t h i g h e r t e m p e r a t u r e s (G u e n t h e r e t a l . , 2 0 0 6 ) .
3 5 0
= 3 0 0
£ 2 5 0
« 1 5 0
1 0 0
5 / 1 9 / 1 0 5 / 2 6 / 1 0 6 / 2 / 1 0 6 / 9 / 1 0 6 / 1 6 / 1 0 6 / 2 3 / 1 0
D a t e
F i g u r e 4 . A v e r a g e d a i l y t e m p e r a t u r e d u r i n g t h e fi e l d c a m p a i g n .
A d d i t i o n a l l y , n o s i g n i fi c a n t (R
^
> 0 . 2 5 ) c o r r e l a t i o n s c o u l d b e f o u n d w i t h R H a n d
a n y i n d i v i d u a l c o m p o u n d o r c l a s s o f c o m p o u n d s N o o t h e r a v a i l a b l e m e t e o r o l o g i c a l d a t a ,




2 5) t o a n y
i n d i v i d u a l c o m p o u n d o r c l a s s o f c o m p o u n d s . W h i l e A M S a n d I C s u l f a t e , n i t r a t e , a n d
a m m o n i u m c o n c e n t r a t i o n s w e r e a l s o a v a i l a b l e fo r t h e s a m p l i n g p e r i o d , n o s i g n i fi c a n t
c o r r e l a t i o n s (R
^
> 0 . 2 5) c o u l d b e f o u n d w i th a n y i n d i v i d u a l c o m p o u n d o r c l a s s o f
c o m p o u n d s . N o c l a s s o f c o m p o u n d s c o r r e l a t e d (R
^
> 0 . 2 5) w i th a n y o t h e r c l a s s o f
c o m p o u n d s , n o r d i d a n y s i n g l e c o m p o u n d c o r r e l a t e w i t h a n y o t h e r s i n g l e c o m p o u n d
u n l e s s o t h e r w i s e n o t e d .
L o w c o n c e n t r a t i o n s o f a l l c o m p o u n d s c a n b e e x p e c t e d g i v e n a n u m b e r o f f a c t o r s
t h a t im p a c t e d t h e c a m p a i g n , p a r t i c u l a r l y i n t e r m s o f t i m i n g . Wh i l e t e m p e r a t u r e s c a n b e
q u i t e h i gh i n B a k e r s fi e l d , t h e y t e n d t o p e a k i n J u l y a n d A u g u s t r a t h e r t h a n i n J u n e .
A v e r a g e h i g h t e m p e r a t u r e i n J u n e i s 3 3
° C
, w h e r e a s i t i s 3 6
° C i n J u l y (N O A A , 2 0 1 1 ) .
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D u r i n g t h e c a m p a i g n , t h e a v e r a g e h i g h t e m p e r a t u r e w a s o n l y 3 0
° C . T h e r e f o r e
,
o b s e r v e d
B V O C e m i s s i o n s w e r e l o w e r t h a n c o u l d b e e x p e c t e d i f t h e c a m p a i g n h a d c o n t i n u e d i n t o
t h e n e x t t w o m o n t h s T h i s i s a n a l o g o u s t o t h e tw o m e a s u r e m e n t p e r i o d s s e e n in
K r i s t e n s e n e t a l . (2 0 1 1 ) , w h e r e h i g h e r o r g a n o s u l f a t e c o n c e n t r a t i o n s i n a f o r e s t i n
D e n m a r k w e r e h i g h e r f r o m M a y 8 - M a y 14 th a n f r o m A p r i l 1 5 - M a y 7 , w h e n c o o l e r
e a r l y s p r i n g t e m p e r a t u r e s p r e v a i l e d .
A d d i t i o n a l l y , l o w e r t h a n e x p e c t e d o z o n e a n d PM 2 5 c o n c e n t r a t i o n s w e r e o b s e r v e d
d u r i n g t h e c a m p a i g n w h e n c o m p a r e d t o p r e v i o u s s u m m e r s i n t h i s l o c a t i o n . M a x im u m 8 -
h r o z o n e r a n g e d f r o m 12 0 p p b t o 14 0 p p b b e t w e e n 19 9 0 a n d 2 0 0 4 (H a l l e t a l . , 2 0 0 8) ,
w h e r e a s m a x i m u m o z o n e d u r i n g t h e c a m p a i g n w a s r a r e l y a b o v e 6 0 p p b , w i t h a n a v e r a g e
m a x im u m o f a p p r o x im a t e l y 6 0 p p b . P M 2 5 c o n c e n t r a t i o n s f r o m 19 90 - 2 0 04 w e r e
c o n s i s t e n t l y a b o v e t h e N a t i o n a l A m b i e n t A i r Q u a l i t y St a n d a r d (N A A QS ) o f 15 |a ,g m
" ^
,
w i t h a n a n n u a l a v e r a g e c o n c e n t r a t i o n b e t w e e n 2 0 a n d 3 0 |4 g m
'
. D a i l y a v e r a g e PM i
c o n c e n t r a t i o n s d u r i n g t h e c a m p a i g n , h o w e v e r , a v e r a ge d b e tw e e n 1 a n d 7 . 5 |j g m
' ^
.
3 . 1 . M e a s u r e m e n t s o f I s o p r e n e - D e r i v e d O r g a n o s u l f a t e s
F o u r o r g a n o s u l f a t e s w h o s e s o u r c e h a s b e e n c o n f i r m e d t o b e i s o p r e n e (S u r r a t t e t
a l .
,
2 0 0 8 ) w e r e o b s e r v e d d u r i n g th e c a m p a i gn . T h e i r c h e m i c a l f o r m u l a s , a c c u r a t e m a s s e s ,
a n d r e t e n t i o n t i m e s (R T ) c a n b e s e e n i n T a b l e 3 a l o n g w i t h t h e i r m i n im u m , m a x im u m ,
a n d a v e r a g e c o n c e n t r a t i o n s . A t im e s e r i e s o f t h e i r a b u n da n c e s c a n b e s e e n i n F i g u r e 5 ,
a l t h o u g h n o n e o f t h e i s o p r e n e - d e r i v e d o r g a n o s u l f a t e s a p p e a r e d i n h i gh c o n c e n t r a t i o n
d u r i n g t h e c a m p a i g n . A b u n d a n c e n v im b e r s w e r e u s e d i n p l a c e o f c o n c e n t r a t i o n s d u e t o t h e
h y dr o l y s i s o f s o m e c o m p o u n d s b e f o r e q u a n t i t a t i v e a n a l y s i s c o u l d b e c o n d u c t e d . T h e m / z
2 15 i o n , w h i c h h a s b e e n p r e v i o u s l y d e t e c t e d a n d i d e n t i f i e d a s a n o r g a n o s u l f a t e d e r i v e d
1 8
f r o m t h e r e a c t i v e u p t a k e o f i s o p r e n e e p o x y d i o l s (l E P O X ) (L i n e t a l , 2 0 12 ) , w a s t l i e m o s t
a b u n d a n t a n d u b i q u i t o u s o f t h e i s o p r e n e - d e r i v e d o r g a n o s u l f a t e s , a p p e a r i n g 3 6 o f t h e 3 7
d a y s a n d p e a k i n g i n c o n c e n t r a t i o n o n Ju n e 2 3 , 2 0 10 a t 2 . 2 5 n g m
" ^
,
h o w e v e r i t s
a b u n d a n c e d i d n o t c o r r e l a t e (R
^
< 0 . 2 5) w i t h t e m p e r a t u r e . N o t a b l y , t h e p e a k i s o p r e n e
m i x i n g r a t i o o c c u r r e d o n Ju n e 2 3 , 2 0 10 , a l t h o u g h n o c o r r e l a t i o n (R < 0 . 2 5 ) c o u l d b e
f o u n d w h e n c o n s i d e r i n g t h e e n t i r e s a m p l in g p e r i o d . T h e o t h e r t h r e e i s o p r e n e - d e r i v e d
o r g a n o s u l f a t e s w e r e a b s e n t m u l t i p l e d a y s t h r o u gh o u t t h e c a m p a i g n , e a c h a v e r a g i n g l e s s
- 3
t h a n 0 . 3 5 n g m a n d o n l y m / z 1 9 9 p e a k i n g a b o v e 1 n g m
'
,
o n Ju n e 5 , 2 0 10









m / z 1 9 9
m / 2 2 1 1
m / z 2 1 3
m / z 2 1 5
5 / 2 1/ 2 0 1 0 5 / 2 6 / 2 0 1 0 5 / 3 1 / 2 0 1 0 6 / 5 / 2 0 1 0 6 / 1 0 / 2 0 1 0
D a t e
6 / 1 5 / 2 0 1 0 6 / 2 0 / 2 0 1 0 6 / 2 5 / 2 0 1 0
F i g u r e 5 . T im e s e r i e s o f i s o p r e n e - d e r i v e d o r ga n o s u l f a t e a b u n d a n c e s d u r i n g t h e c a m p a i gn
T a b l e 3 . I s o p r e n e - d e r i v e d o r g a n o s u l f a t e e l e m e n t a l f o r m u l a s , a c c u r a t e m a s s e s , r e t e n t i o n
t i m e s , a n d c o n c e n t r a t i o n s
m / z
E l e m e n t a l
F o r m u l a
A c c u r a t e „ ™ , . . C o n c e n t r a t i o n s , i n n g m
'
O M / T k \ i ^ i ( m m )M a s s (D a ) A v e r a g e M i n i m u m M a x i m u m
19 9 C 4 H 7 O 7 S
-
19 8 . 9 9 12 5 2 1. 12 0 . 3 4 0 . 0 0 1. 4 8
2 1 1 C 5 H 7 O 7 S
-
2 10 . 9 9 12 5 2 1 . 15 0 . 0 5 0 . 0 0 0 . 2 5
2 13 C 5 H 9 O 7 S 2 13 . 0 0 6 9 02 1 . 15 0 . 0 6 0 . 0 0 0 . 2 6
2 15 C 5H „ 0 7 S
-
2 15 . 0 2 2 5 5 2 1 . 12 0 6 1 0 . 0 0 2 . 2 5
St r u c t u r a l c h a r a c t e r i s t i c s o f t h e m / z 2 15 o r g a n o s u l f a t e w e r e c o n fi r m e d th r o u gh
M S /M S a n a l y s i s . F r a gm e n t a t i o n p a t t e r n s a s s e e n i n F i g u r e 7 a r e c o n s i s t e n t w i t h t h o s e
o b s e r v e d i n Su r r a t t e t a l . (2 0 0 8) , w i t h t he p r e s e n c e o f t h e m /z 9 7 f r a g m e n t i n d i c a t i n g a
1 9
l o s s o f H S O 4
'
(S u r r a t t e t a l . , 2 0 0 8 a n d r e f e r e n c e s t h e r e i n ) ; t h e m / z 8 5 f r a g m e n t w a s n o t
s e e n p r e v i o u s l y b u t i s l i k e l y d u e t o c o - e l u t i n g c o m p o u n d s . T h e s t r o n g c o r r e l a t i o n s e e n i n
F i g u r e 8 b e tw e e n a b u n d a n c e s o f t h e o t h e r o r g a n o s u l f a t e s c l a s s i f i e d a s i s o p r e n e
- d e r i v e d
a n d t h e a b u n d a n c e o f m / z 2 15 i s f u r t h e r c o n f i r m a t i o n t h a t m / z 19 9 (R = 0 . 5 5 ) , 2 1 1
(R
^ = 0 . 3 9) , a n d 2 13 (R
^ = 0 . 8 1 ) a r e a l s o l i k e l y d e r i v e d f r o m i s o p r e n e o r h a v e s im i l a r
f o r m a t i o n p a t h w a y s t o m /z 2 15 . N o c o r r e l a t i o n (R
^
> 0 . 2 5 ) , h o w e v e r , w a s f o u n d b e t w e e n
a n y o f t h e s e o r g a n o s u l f a t e s a n d i s o p r e n e m i x i n g r a t i o s a t t h e s i t e , a n y o f t h e o x i d a t i o n
p r o d u c t s o f i s o p r e n e (2 - m e t h y l g l y c e r i c a c i d o r m e t h y l v i n y l k e t o n e ) , o r t h e s u m o f t h e 2 -










F i g u r e 6 . St r u c t u r e s o f m / z 19 9 ( 1) a n d 2 15 (2 ) . N o t e t h a t o n l y o n e i s o m e r o f w / z 1 9 9 a n d









9 6 9 6 1 0
8 5 0 3 0 9
5 0 6 0 7 0 8 0 9 0 1 0 0 1 1 0 1 2 0 13 0 14 0 15 0 16 0 17 0 1 8 0 1 9
C o u n t s v s M a s s - t o - C h a r g e ( m / z )
2 0 0 2 10 2 2 0 2 3 0 2 4 0 2 5 0
F i g u r e 7 . M S/M S s p e c t r u m f o r t h e m / z 2 1 5 o r g a n o s u l f a t e (o r l E P O X - d e r i v e d
o r g a n o s u l f a t e ) c o n f i r m i n g t h e p r e s e n c e o f a s u l f a t e g r o u p a t m /z 9 7 .
2 0
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■ m /z 1 9 9
^ 2
R = 0 8 1
■ •
■ •
i L al ! fe i t
T
5 7 x 10
m / z 2 1 5 P e a k A r e a / m S a m p li n g V o lu m e
F i g u r e 8 . C o r r e l a t i o n s b e tw e e n t h e l E P O X
- d e r i v e d o r g a n o s u l f a t e (m / z 2 15 ) a n d o t h e r
i s o p r e n e - d e r iv e d o r g a n o s u l f a t e s (m / z 19 9 , 2 1 1 , a n d 2 13 ) , i n d i c a t i n g a c o m m o n s o u r c e o r
f o r m a t i o n m e c h a n i s m .
3 . 2 . S o u r c e s o f I s o p r e n e - D e r i v e d O r g a n o s u l f a t e s
S u r r a t t e t a l . (2 0 0 8) s h o w e d t h a t o r g a n o s u l f a t e f o r m a t i o n f r o m i s o p r e n e o x i d a t i o n
i s e n h a n c e d i n t h e p r e s e n c e o f a e r o s o l a c i d i t y . H o w e v e r , h i gh c o n c e n t r a t i o n s o f
a m m o n iu m p r e s e n t i n PM 2 5 c a n a c t t o n e u t r a l i z e p a r t i c l e s a n d r e d u c e t h e i r a b i l i t y t o
h e t e r o g e n e o u s l y r e a c t w i t h B V O C o x i d a t i o n p r o d u c t s t o c r e a t e o r g a n o s u l f a t e s (S u r r a t t e t
a l .
,
2 0 0 8 ; L i n e t a l . , 2 0 12 ) . C o n c e n t r a t i o n s o f a m m o n i u m i n t h e p a r t i c l e s r a n g e d f r o m
0 0 4 t o 1 . 6 \Ji g m
' ^
d u r i n g t h e c a m p a i g n , a s m e a s u r e d b y a m b i e n t i o n m o n i t o r i o n
c hr o m a t o g r a p h y (A I M - I C ) . W i t h o u t e n o u g h p a r t i c l e - p h a s e a c i d it y , o r g a n o s u l f a t e
f o r m a t i o n c o u l d h a v e b e e n s i g n i f i c a n t l y s u p p r e s s e d . Pa r t i c l e - p h a s e s t r o n g a c i d i t y , o r
[H
*
] s , c a n b e e s t im a t e d f r o m th e f o l l o w i n g e q u a t i o n :
[h ; ]= 2 [s o ^- ]+ [n o 3 ]+ [c i - ]- [n h ; N a ' K ^
w h e r e a l l c o n c e n t r a t i o n s a r e i n r m i o l m
" ^
a n d w e r e m e a s u r e d b y A M S . T h i s m e t h o d h a s
b e e n w i d e l y u s e d t o e s t im a t e p a r t i c l e a c i d i t y (X u e e t a l . 2 0 1 1, a n d r e f e r e n c e s t h e r e i n ) .
2 1
A v e r a g e [H
" ^
] s t h r o u g h o u t t h e c a m p a i g n w a s - 3 . 8 6 , i n d i c a t i n g n e u t r a l t o s l i g h t l y b a s i c
a e r o s o l . I t c a n b e s e e n f r o m F i g u r e 8 t h a t t h e p a r t i c l e p h a s e s t r o n g a c i d i t y d o e s w e a k l y
a n t i - c o r r e l a t e (R
^ ~ 0 . 3 3 ) w i th m / z 19 9 , 2 13 , a n d 2 15 , i n d i c a t i n g t h a t t h e i r f o r m a t i o n i s
b e i n g s u p p r e s s e d w i t h i n c r e a s i n g a c i d i t y . A s t h i s i s h i g h l y u n l i k e l y g i v e n w h a t i s k n o w n
a b o u t t h e fo r m a t i o n o f t h e s e t h r e e o r g a n o s u l f a t e s , t h e r e i s l i k e l y s o m e t h i n g e l s e o c c u r r i n g
t o a f f e c t t h e c u r r e n t c a l c u l a t i o n s o f a e r o s o l a c i d i t y i n B a k e r s f i e l d F u r t h e r i n v e s t i g a t i o n
w i t h a d d i t i o n a l d a t a s e t s w o u l d b e n e e d e d t o b e t t e r e x p l a i n t h i s p h e n o m e n o n . C u r r e n t l y ,
w e a r e w o r k i n g t o t r y a n d c o n s t r a i n a e r o s o l a c i d i t y e s t im a t e s b y a c c o u n t i n g f o r g a s e o u s























A m / z 2 13
R
^
= 0 . 3 2
• m / z 2 1 5
R
^
= 0 . 3 3
- 1 0
1 \ 1
- 6 - 4 - 2- 8
P a rt ic le - P h a s e S t r o n g A c id it y (n m o l/ m )
n
0
F i g u r e 9 . A b u n d a n c e s o i m / z 19 9 , 2 1 3 , a n d 2 15 i s o p r e n e - d e r i v e d o r g a n o s u l f a t e s v e r s u s
p a r t i c l e - p h a s e s t r o n g a c i d i t y .
B y e x a m i n i n g t h e a b u n d a n c e o f t h e i s o p r e n e - d e r i v e d o r g a n o s u l f a t e s r e l a t i v e t o
d a t a s e t s f r o m t h e A QM I S s i t e s , a d d i t i o n a l i n f o r m a t i o n a b o u t t h e p o t e n t i a l s o u r c e s o f
t h e s e i s o p r e n e - d e r i v e d o r g a n o s u l f a t e s d o e s e m e r g e . T h e w / z 2 15 o r g a n o s u l f a t e t r e n d e d
w i t h O 3 a n d N O x a t t h e t hr e e s i t e s . G e n e r a l l y , t h e m /z 2 15 o r g a n o s u l f a t e a n d t h e s u m o f
a l l i s o p r e n e - d e r i v e d o r g a n o s u l f a t e s i n c r e a s e d c o r r e s p o n d i n g l y w i t h d a i l y m a x im u m a n d
2 2
a v e r a g e O 3 a n d N O x a t e a c h o f t h e s i t e s t o v a r y i n g d e g r e e s . N o o t h e r s i g n i f i c a n t
c o r r e l a t i o n s w e r e f o u n d w i t h a n y o f t h e a v a i l a b l e m e t e o r o l o g i c a l o r g a s - p h a s e d a t a fr o m
th e t h r e e s i t e s . T h e s t r o n g e s t c o r r e l a t i o n w a s b e tw e e n a v e r a g e O 3 a t A r v i n - B e a r M o u n t a i n
B l v d . a n d m /z 2 15 o r g a n o s u l f a t e a b u n d a n c e , a s s e e n i n F i g u r e 1 0 . T h i s c o u l d b e
e x p e c t e d , g i v e n t h a t N O x a n d O 3 a r e s e c o n d a r y p o l l u t a n t s a s w e l l a s o r g a n o s u l f a t e s
o b s e r v e d i n a tm o s p h e r i c a e r o s o l s (L i n e t a l . , 2 0 12 ) . I n a d d i t i o n , i s o p r e n e e m i s s i o n s i n t h e
a r e a a r e l i k e l y f r o m S e q u o i a N a t i o n a l F o r e s t , 2 0 m i l e s t o t h e n o r t h e a s t o f t h e s a m p l i n g
l o c a t i o n (M i l l e t e t a l . , 2 0 0 8) . T h e d i s t a n c e b e t w e e n e m i s s i o n s o u r c e a n d g r o u n d s i t e
p o i n t s t o i s o p r e n e u n d e r g o i n g c h e m i c a l a g i n g a n d o x i d a t i o n b e fo r e i t r e a c h e s B a k e r s f i e l d .
A d d i t i o n a l c o r r e l a t i o n s b e t w e e n m /z 2 15
,
t h e s u m o f t h e f o u r i s o p r e n e - d e r i v e d
o r g a n o s u l f a t e s , a n d N O x c a n b e f o u n d i n F i g u r e s A - 3 t h r o u g h A - 8 i n t h e a p p e n d i x . N o
c o n n e c t i o n c o u l d b e f o u n d (R
^
> 0 . 2 5) b e tw e e n c o n c e n t r a t i o n s o f a n y i s o p r e n e - d e r i v e d
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0 0 3 5 0 0 4 0 0 0 4 5 0 0 50 0 0 5 5 0 0 6 0 0 0 65
A v e r a g e O 3 (p p m ) a t A r v in - B e a r M o u n t a in B lv d
F i g u r e 1 0 . C o r r e l a t i o n b e tw e e n t h e m / z 2 15 o r g a n o s u l f a t e (i . e . , t h e l E P O X - d e r i v e d
o r g a n o s u l f a t e ) a n d a v e r a g e O 3 a t A r v i n - B e a r M o u n t a i n B l v d .
2 3
3 . 3 . M e a s u r e m e n t s a n d S o u r c e s o f I s o p r e n e - D e r i v e d N i t r o o x y O r g a n o s u l f a t e s
T w o n i t r o o x y o r g a n o s u l f a t e s d e r i v e d f r o m i s o p r e n e w e r e s e e n d u r i n g t h e fi e l d
c a m p a i g n , c o n s i s t i n g o f m / z 2 6 0 a n d 3 0 5 a s s e e n i n F i g u r e 1 1 . T h e i r r e s p e c t i v e c h e m i c a l
f o r m u l a s , a c c u r a t e m a s s e s , a n d R T s a r e p r o v i d e d i n T a b l e 4 , a l o n g w i t h t h e i r m i n im u m ,
m a x im u m , a n d a v e r a g e c o n c e n t r a t i o n s du r i n g t h e c a m p a i g n . C o n c e n t r a t i o n s o f t h e s e
c o m p o u n d s w e r e s im i l a r t o t h e c o n c e n t r a t i o n s o f t h e i s o p r e n e
- d e r i v e d o r g a n o s u l f a t e s ,
a l s o t e n d i n g t o b e q u i t e l o w a n d r a n g i n g f r o m 0 n g m
' ^
t o 0 . 5 8 n g m
' ^
. T h e s t r u c t u r e s o f
t h e t w o c o m p o u n d s c a n b e s e e n i n F i g u r e 1 2 .
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5 / 2 1 / 2 0 1 0 5 / 2 6 / 2 0 1 0 5 / 3 1 / 2 0 1 0 6 / 5 / 2 0 1 0 6 / 1 0 / 2 0 1 0
D a t e









6 /1 5 / 2 0 1 0 6 / 2 0 / 2 0 1 0 6 / 2 5 / 2 0 1 0
F i g u r e 1 1 . T i m e s e r i e s o f i s o p r e n e - d e r i v e d n i t r o o x y o r g a n o s u l f a t e a b u n d a n c e s d u r i n g th e
c am p a i g n
T a b l e 4 . I s o p r e n e - d e r i v e d n i t r o o x y o r g a n o s u l f a t e e l e m e n t a l f o r m u l a s , a c c u r a t e m a s s e s ,
r e t e n t i o n t im e s , a n d c o n c e n t r a t i o n s
t n / z
E l e m e n t a l A c c u r a t e , . . C o n c e n t r a t i o n s , i n n g m
'
F o r m u l a M a s s (D a ) A v e r a g e M i n i m u m M a x i m u m
2 6 0 C H . o N O o S
-
2 6 0 . 0 0 7 6 3 1 1. 5 - 3 0 . 0 4 0 . 0 0 0 . 3 2
3 0 5 C ^ H sN z O n S
-
3 0 4 . 9 9 2 7 1 5 . 5- 6 . 5 0 . 16 0 . 0 0 0 . 5 8
S im i l a r l y t o t h e m / z 2 15 o r g a n o s u l f a t e , s t r u c t u r a l c o n f i r m a t i o n o f m /z 2 6 0 , a
n i t r o o x y o r g a n o s u l f a t e o f t h e 2 - m e th y l t e t r o l m o n o n i t r a t e s (Su r r a t t e t a l . 2 0 0 7 ) , w a s
c o n d u c t e d u s i n g M S / M S s c a n s t o du p l i c a t e f r a g m e n t a t i o n p a t t e r n s p r o v i d e d i n S u r r a t t e t
a l . (2 0 0 8) . T h e fr a g m e n t i o n s o b s e r v e d a t m / z 9 7 ( H SO 4
'
) a n d 8 0 (S O 3
'
) i n d i c a t e t h e
2 4
p r e s e n c e o f a s u l f a t e g r o u p o n t h e p a r e n t c o m p o u n d (S u r r a t t e t a l , 2 0 0 8 ) D u e t o t h e
d e l a y i n c o n d u c t i n g M S/M S a n a l y s i s o f t h e fi l t e r e x t r a c t , t h e n i t r o o x y g r o u p l i k e l y











O N O p
F i g u r e 1 2 . P r e v i o u s l y p r o p o s e d s t r u c t u r e s o f m /z 2 6 0 ( 1) a n d 3 0 5 (2 ) N o t e t h a t o n l y o n e
i s o m e r o f m / z 2 6 0 a n d 3 0 5 a r e s h o w n .












7 9 9 5 8 7
9 6 :S 5 9 S
2 0 3 8 2 9 2
1 1 3 0 5 8 3
I T
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1 6 8 0 0 1 8

















9 0 1 0 0 1 1 0 1 2 0 13 0 1 4 0 1 5 0 1 6 0 1 7 0 18 0 1 9 0 2 0 0 2 1 0 2 2 0 2 3 0 2 4 0 2 5 0 2 6 0 2 7 0 2 8 0 2 9 0 3 0 0
C o u n ts v s M a s s - l o - C h a r g e {m / z )
F i g u r e 1 3 . M S/M S s p e c t r u m f o r m o s t h i g h l y a b u n d a n t i s o m e r o f t h e m / z 2 6 0 i s o p r e n e -
d e r i v e d n i t r o o x y o r g a n o s u l f a t e (R T = 2 . 8 m i n ) .
S o u r c e s o f t h e s e c o m p o u n d s c o u l d n o t b e d e t e r m i n e d , a s t h e i r a b u n d a n c e s d i d n o t
c o r r e l a t e w i t h a n y a v a i l a b l e d a t a a t t h e s i t e , i n c l u d i n g H N O 3 , N O 3 r a d i c a l p r o d u c t i o n d a t a ,
n i g ht t im e N O 2 + O 3 c o n c e n t r a t i o n s , o r 2 4 - h r a v e r a g e d a i l y a e r o s o l a c i d i t y .
3 . 4 . M e a s u r e m e n t s a n d S o u r c e s o f M o n o t e r p e n e - D e r i v e d O r g a n o s u l f a t e s
F o u r t e e n d i f f e r e n t o r g a n o s u l f a t e s d e r i v e d f r o m v a r i o u s m o n o t e r p e n e s w e r e
o b s e r v e d
,
a l t h o u g h n o n e w e r e h i g h l y a b u n d a n t d u r i n g t h e c a m p a i g n . M o s t o f t h o s e
c o m p o u n d s n e v e r e x c e e d e d t h e l e v e l s o f t h e i s o p r e n e - d e r i v e d o r g a n o s u l f a t e s , r a n g i n g
f r o m 0 n g m
'
t o 0 . 6 4 n g m
'
. A v e r a g e , m a x im u m , a n d m i n im u m c o n c e n t r a t i o n s o f t h e
2 5
o b s e r v e d m o n o t e r p e n e - d e r i v e d o r g a n o s u l f a t e s , a l o n g w i t h t h e i r r e s p e c t i v e c h e m i c a l
f o r m u l a s , R T s , a n d a c c u r a t e m a s s e s a r e p r o v i d e d i n T a b l e 5 . A t im e s e r i e s o f t h e s e
c o m p o u n d s c a n b e s e e n i n F i g u r e 1 4 . T o t a l s u m m e d m o n o t e r p e n e - d e r i v e d o r g a n o s u l f a t e
c o n c e n t r a t i o n a v e r a g e d 0 . 9 5 n g m
" '
,
r a n g i n g f r o m 0 . 0 9 t o 1 . 7 n g m
' ^
(T a b l e 2 ) . O f n o t e ,
t h e m / z 2 9 7 o r g a n o s u l f a t e p e a k e d o n t h e s a m e d a y (J u n e 2 3 , 2 0 1 0 ) a s t h e l E P O X - d e r i v e d
m / z 2 \ 5 .
4 x 1 0
-
m / z 2 2 7
m / z 2 3 7
m / z 2 4 9 C 9
m / z 2 4 9 C 1 0
m / z 2 5 1
m / z 2 5 3
m / z 2 6 5
m / z 2 6 7
m / z 2 7 9
m / z 2 8 1
m / z 2 8 3 0 9
m / z 2 8 3 C I 0
m / z 2 9 7
5 / 2 1 / 2 0 1 0 5 / 2 6 / 2 0 1 0 5 / 3 1 / 2 0 10 6 /5/ 2 0 1 0 6 / 1 0 / 2 0 1 0
D a t e
6 / 1 5 / 2 0 1 0 6 / 2 0 / 2 0 1 0 6 / 2 5 / 2 0 1 0
F i g u r e 1 4 . T im e s e r i e s o f m o n o t e r p e n e - d e r i v e d o r g a n o s u l f a t e a b u n d a n c e s d u r i n g th e
c a m p a i g n
T a b l e 5 . M o n o t e r p e n e - d e r i v e d o r g a n o s u l f a t e e l e m e n t a l f o r m u l a s , a c c u r a t e m a s s e s ,
r e t e n t i o n t im e s , a n d c o n c e n t r a t i o n s
m / z
E l e m e n t a l
F o r m u l a
A c c u r a t e
M a s s (D a )
R T (m i n )
C o n c e n t r a t i o n s
,
i n n g m
'
A v e r a g e M i n im u m M a x i m u m
2 2 3 C 7H „ 0 6S
-
2 2 3 . 0 2 7 6 3 7 4 . 4 8 0 . 2 4 0 . 0 0 0 . 64
2 2 7 C s H v O s S
-
2 2 6 . 9 86 16 7 1 . 12 0 . 0 7 0 . 0 0 0 . 5 0
2 37 C sH n O g S
-
2 3 7 . 0 4 3 2 87 5 . 3 0 . 1 1 0 . 0 0 0 . 5 1
2 4 9 C H n O fi S
-
2 4 9 . 0 4 3 2 87 5 . 13 0 . 0 2 0 . 0 0 0 0 5
2 4 9 C o H . yO s S
-
2 4 9 . 0 7 9 6 7 2 7 - 7 . 7 0 . 0 2 0 . 0 0 0
. 0 5
2 5 1 C gH i s O fi S
-
2 5 1 . 0 5 8 9 3 7 4 . 8 3 0 . 10 0 . 02 0 . 2 3
2 5 3 C gH . s O v S
- 2 5 3 . 0 3 82 0 1 6 . 4 2 0 . 0 6 0 . 0 0 0 . 2 5
2 6 5 C i oH n O s S
-
2 6 5 . 0 7 4 5 8 7 6 . 3 5 0 . 0 0 0 . 0 0 0 . 0 2
2 6 7 C H i s O ^ S
- 2 6 7 . 0 5 3 8 5 2 5 . 4 4 0 . 15 0 . 0 0 0 . 0 0
2 7 9 C , oH , 50 7 S
-
2 7 9 . 0 5 3 8 5 2 5 . 6- 6 . 2 0 . 1 2 0 . 0 1 0
.
2 6
2 8 1 C , o H i 70 7S
-
2 8 1. 0 6 9 5 0 2 6 - 8 0 . 0 4 0 . 0 0 0 . 10
2 83 C s H i j O g S
-
2 8 3 . 0 4 8 7 6 7 5 . 3 0 0 0 0 . 0 0 0
. 0 3
2 8 3 C , o H , 9 0 7 S
-
2 8 3 . 0 8 5 15 2 5 - 5 . 9 0 0 0 0 . 0 0 0 . 0 3
2 6
m / z
E l e m e n t a l
F o r m u l a
- 3
A c c u r a t e „ ^ , . . C o n c e n t r a t i o n s , m n g m
T i * ^ T ^ X R T (m m ) , , , . . , . .M a s s (D a ) ^ A v e r a g e M m i m u m M a x i m u m
2 9 7 C o H n O s S
"
2 9 7 . 0 6 4 4 17 5 . 7 - 7 0 . 0 2 0 0 0 0 . 16
A s m /z 2 7 9 h a s b e e n c o n f i r m e d t o b e a n o r g a n o s u l f a t e f r o m a - a n d P- p i n e n e
(Su r r a t t e t a l . , 2 0 0 8 ) , i t i s i n t e r e s t i n g t h a t m / z Th l (R
^ = 0 . 4 6 ) , 2 5 1 (R
^ = 0 . 4 3 ) , a n d 2 6 7
(R
^ = 0 . 5 7 ) c o r r e l a t e w i t h t h i s i o n t o d i f f e r i n g e x t e n t s (F i g u r e 1 5 ) T h i s c o u l d p o i n t t o a -
o r P- p i n e n e b e i n g t h e s o u r c e o f t h e s e t h r e e c o m p o u n d s , a l t h o u g h f u r t h e r a n a l y t i c a l
i n f o r m a t i o n w o u l d b e n e e d e d t o c o n f i r m t h i s . N o o t h e r c o m p o u n d s l i s t e d i n T a b l e 5
c o r r e l a t e d (a l l R w e r e l e s s t h a n 0 . 2 5 ) w i t h m / z 2 1 9 o r a n y m e a s u r e d B V O C s a t t h e
g r o u n d s i t e t h a t c o u l d h e l p d e t e r m i n e t h e i r s o u r c e . So u r c e s o f s o m e o f t h e s e c o m p o u n d s
h a v e b e e n p r o p o s e d , i n c l u d i n g a - o r p- p i n e n e f o r m /z 2 2 7 a n d 2 4 9 , a n d a l im o n e n e - l i k e



















m / z 2 37
R
^
= 0 4 6
m /z 2 5 1
R
^
= 0 4 3
m / z 2 6 7
R
^
= 0 5 7
■
.
B« & « . i h i
0 . 0 0 5 1 0 1 5
—
r
2 0 x 10
6
m / z 2 7 9 P e a k A r e a / m S a m p lin g V o lu m e
F i g u r e 15 . C o r r e l a t i o n b e t w e e n m / z 2 7 9 a n d o t h e r m o n o t e r p e n e - d e r i v e d o r g a n o s u l f a t e s ,
i n d i c a t i n g t h a t a - o r P- p i n e n e c o u l d b e th e B V O C p r e c u r s o r f o r m / z 2 3 7 , 2 5 1, a n d 2 6 7 .
2 7
3 . 5 . M e a s u r e m e n t s o f M o n o t e r p e n e - D e r i v e d N i t r o o x y O r g a n o s u l f a t e s
T e n d i f f e r e n t m o n o t e r p e n e - d e r i v e d n i t r o o x y o r g a n o s u l f a t e s w e r e o b s e r v e d d u r in g
t h e c a m p a i g n , a s s h o w n i n T a b l e 6 , a n d m a n y o f t h e m o s t a b u n d a n t m o n o t e r p e n e
-
d e r i v e d o r g a n o s u l f a t e s w e r e o f t h i s t y p e (i . e . , n i t r a t e d ) . I n p a r t i c u l a r , m / z 2 9 6 , d e r i v e d
f r o m a l im o n e n e - l i k e m o n o t e r p e n e ( S u r r a t t e t a l , 2 0 0 8) , w a s t h e m o s t a b u n d a n t ,
a v e r a g i n g 2 . 4 n g m
' ^
a n d r a n g i n g f r o m 0 n g m
"
t o 9 7 n g m
"
T h i s c o m p o u n d w a s a l s o
t h e m o s t a b u n d a n t o r g a n o s u l f a t e o b s e r v e d th r o u gh o u t t h e c a m p a i g n . T h e m / z 2 9 4 a n d
34 2 n i t r o o x y o r g a n o s u l f a t e s w e r e a l s o q u i t e p r e v a l e n t , a v e r a g i n g o n l y 0 . 14 a n d 0 . 2 8 n g
m
,
b u t p e a k i n g t o 1 . 6 3 a n d 3 . 4 6 n g m
"
,
r e s p e c t i v e l y . T o t a l s u m m e d n i t r o o x y
o r g a n o s u l f a t e c o n c e n t r a t i o n s d e r i v e d f r o m m o n o t e r p e n e s a v e r a g e d 3 . 3 2 n g m
"
,
r a n g i n g
f r o m 0 . 14 t o 12 . 8 4 n g m
" ^
(T a b l e 2 ) .
T a b l e 6 . M o n o t e r p e n e - d e r i v e d n i t r o o x y o r ga n o s u l f a t e e l e m e n t a l f o r m u l a s , a c c u r a t e
m a s s e s , r e t e n t i o n t im e s , a n d c o n c e n t r a t i o n s
E l e m e n t a l A c c u r a t e „ „ , . . C o n c e n t r a t i o n s , i n n g m
"
" *
F o r m u l a M a s s (D a ) A v e r a g e M m i m u m M a x i m u m
2 9 4 C oH i fi N O y S
-
2 9 4 . 0 6 4 7 5 1 9 . 3 0 T 4 O OO 1 . 6 3
2 9 6 C ^H n N O g S
-
2 9 6 . 0 4 4 0 16 7 . 3 2 ^ 4 O OO 9 . 74
3 10 C i oH . sN Q sS
-
3 10 . 0 5 9 6 6 6 7 - 9 0 j 0 2 O OO 0 0 6
3 12 C 9H 14N O 9S
-
3 12 . 0 3 8 9 3 1 5 . 3 - 7 0 . 0 2 0
^
0 0 0 . 0 7
3 2 6 C 10 H 16N O 9 S
- 3 2 6 . 0 54 5 8 1 7 . 5 - 8 . 5 0 . 16 O^ O 0 . 7 9
32 8 C 10H 18N O 9 S
-
3 2 8 . 0 7 0 2 3 1 5 . 8 - 6 . 9 0 . 0 1 0
^
0 0 0 . 0 4
3 3 0 C g H i aN O i o S
- 3 3 0 . 04 94 9 6 5 4 0 . 0 0 O OO 0 0 4
34 2 C i oH i aN O . o S
-
3 4 2 . 0 4 9 4 9 6 7 . 1 - 7 . 6 0 . 2 8 0
^
0 0 3 . 4 6
3 7 3 C , oH , 7N 2 0 u S
- 3 7 3 . 0 5 5 3 0 9 8 - 9 . 5 0
.
2 5 0 . 0 0 0 . 9 1
2 8






m / z 2 9 4
m / z 2 9 6
m / z 3 1 0— m / z 3 1 2
m / z 3 2 6— m / z 3 2 8
m / z 3 3 0
m / z 3 3 9
m / z 3 4 2
m / z 3 7 3— m / z 3 8 9
0 - l| I I I 1 I I I
'
, , , . I
■ ■ . . I
5 / 2 1/ 2 0 1 0 5 / 2 6 / 2 0 1 0 5 / 3 1 / 2 0 1 0 6 / 5 / 2 0 1 0
1 I I (
'




i I I I
6 / 1 0 / 2 0 1 0 6 / 1 5 / 2 0 1 0 6 / 2 0 / 2 0 1 0 6 / 2 5 / 2 0 1 0
D a t e
F i g u r e 16 . T im e s e r i e s o f m o n o t e r p e n e
- d e r i v e d n i t r o o x y o r g a n o s u l f a t e a b u n d a n c e s
d u r i n g t h e c a m p a i g n
A n M S /M S s p e c t r u m o f t h e m o s t a b u n d a n t i s o m e r o f t h e o r g a n o s u l f a t e f o u n d a t
m / z 2 9 4 , k n o w n t o f o r m f r o m th e o x i d a t i o n o f a - p i n e n e i n t h e p r e s e n c e o f a c i d i c s u l f a t e
a e r o s o l ( Su r r a t t e t a l . , 2 0 0 8) , i s s h o w n i n F i g u r e 1 7 . Si n c e M S/M S a n a l y s e s w e r e
c o n d u c t e d l o n g e n o u g h a ft e r t h e i n i t i a l e x t r a c t i o n p e r i o d , a p e a k a t m /z 6 2 i n d i c a t i n g a
l o s s o f H N O 3 w a s n o t o b s e r v e d , l i k e l y d u e t o h y d r o l y s i s . C o n f i r m a t i o n o f t h e s u l f a t e
f u n c t i o n a l g r o u p o n t h e c o m p o u n d c a n b e s e e n a t m /z 9 6 , w h i c h i s t h e O SO 3
"
r a d i c a l .












9 5 9 5 3 1
6 0 7 0 8 0 9 0 1 0 0 1 1 0 1 2 0 1 3 0 1 4 0 1 5 0 1 6 0 1 7 0 1 8 0 1 9 0 2 0 0 2 10 2 2 0 2 3 0 2 4 0 2 5 0 2 6 0 2 7 0 2 8 0 2 9 0 3 0 0
C o u n t s v s M a s s - t o - C h a r g e ( m /z )
F i g u r e 1 7 . M S/M S s p e c t r u m o f t h e m / z 2 9 4 n i t r o o x y o r g a n o s u l f a t e (R T = 10 . 8 m i n )
A l t h o u g h th e n i t r o o x y o r g a n o s u l f a t e s l i s t e d i n T a b l e 6 a r e k n o w n t o b e d e r i v e d
f r o m t h e o x i d a t i o n o f m o n o t e r p e n e s (Su r r a t t e t a l . , 2 0 0 8 ) , t h e e x a c t m o n o t e r p e n e
p r e c u r s o r s h a v e y e t t o b e d e t e rm i n e d f o r m o s t o f t h e s e . F o r e x a m p l e , w h i l e i t h a s b e e n
2 9
d e m o n s t r a t e d t h a t t h e m / z 2 9 4 n i t r o o x y o r g a n o s u l f a t e i s d e r i v e d f r o m t h e o x i d a t i o n o f a -
p in e n e , t h e m o n o t e r p e n e s o u r c e o f t h e m /z 34 2 n i t r o o x y o r g a n o s u l f a t e h a s n o t y e t b e e n
d e t e r m i n e d (Su r r a t t e t a l . , 2 0 0 8 ) . l i n u m a e t a l . (2 0 0 7 ) o b s e r v e d t h e s e c o m p o u n d s i n
n i gh t t i m e a m b i e n t s a m p l e s o n l y , w h i l e S u r r a t t e t a l . (2 0 0 8 ) o b s e r v e d i t w h e n c o n du c t i n g
p h o t o o x i d a t i o n e x p e r im e n t s w i t h a
-
p i n e n e , p- p i n e n e , a n d a - t e r p i n e n e i n t h e p r e s e n c e o f
N O x a n d h i g h l y a c i d i f i e d s u l f a t e s e e d a e r o s o l . D i f f e r e n c e s i n R T s a n d M S /M S d a t a
b e t w e e n t h e tw o s t u d i e s k e p t e a c h o f t h e t h r e e m o n o t e r p e n e s m e n t i o n e d a b o v e f r o m
b e i n g c o n s i d e r e d a s t h e s o l e s o u r c e f o r t h e m / z 3 4 2 n i t r o o x y o r g a n o s u l f a t e s . F i g u r e 1 8 ,
h o w e v e r , s h o w s a s l i gh t c o r r e l a t i o n (R
^ = 0 . 3 8 ) b e t w e e n t h e m / z 3 4 2 a n d m / z 2 9 6
n i t r o o x y o r g a n o s u l f a t e s , s u g g e s t i n g t h a t t h e m /z 3 4 2 c o m p o i m d s a r e f o r m e d f r o m th e
o x i d a t i o n o f a l i m o n e n e - l i k e m o n o t e r p e n e o r h a v e p o t e n t i a l l y s i m i l a r f o r m a t i o n p a t h w a y s
i n t h e a tm o s p h e r e . T h i s s u g g e s t s t h e p o s s i b i l i t y o f m u l t i p l e n i t r o o x y o r g a n o s u l f a t e s
c o r r e s p o n d i n g t o t h e e l e m e n t a l c o m p o s i t i o n o f t h e m / z 34 2 i o n f o r m i n g i n t h e a tm o s p h e r e





j ^ - ^
r i




















2 5 30 x 10
m / z 2 96 P e a k A r e a / m S a m p l i n g V o lu m e
F i g u r e 1 8 . C o r r e l a t i o n b e t w e e n t h e m / z 2 9 6 a n d m / z 3 4 2 n i t r o o x y o r g a n o s u l f a t e s ,
s u g g e s t i n g e i t h e r a s im i l a r f o r m a t i o n p a t h w a y o r s im i l a r s o u r c e B V O C
3 0
3 . 6 . S o u r c e s o f M o n o t e r p e n e - D e r i v e d N i t r o o x y O r g a n o s u l f a t e s
D u e t o t h e im p o r t a n c e o f n i g h t t im e n i t r a t e r a d i c a l c h e m i s t r y t o t h e f o r m a t i o n o f
c e r t a i n n i t r o o x y o r g a n o s u l f a t e s (l i n u m a e t a l . 2 0 0 7 ; S u r r a t t e t a l . , 2 0 0 8 ) , a n o t h e r
p a r a m e t e r t o c o n s i d e r i s n i gh t t im e H N O 3 c o n c e n t r a t i o n s d u r i n g t h e c a m p a i g n . A t n i g ht ,
N 2O 5 r e a c t s h e t e r o g e n e o u s l y w i t h a e r o s o l - p h a s e w a t e r t o f o r m g a s e o u s H N O 3 (J a c o b ,
1 9 9 9 ) . H i g h e r c o n c e n t r a t i o n s o f H N O 3 m i g h t i n d i c a t e t h a t t h e r e i s l e s s N 2 O 5 i n t h e
a t m o s p h e r e t o f o r m n i t r a t e r a d i c a l s , w h i c h c o u l d i n i t i a t e n i t r o o x y o r g a n o s u l f a t e f o rm a t i o n
f r o m m o n o t e r p e n e s A w e a k a n t i - c o r r e l a t i o n (R
^
< 0
. 2 5 ) b e tw e e n H N O 3 c o n c e n t r a t i o n s a t
n i g h t (d e fi n e d t o b e b e t w e e n 9 p m a n d 6 a m , l o c a l t im e ) a n d n i t r o o x y o r g a n o s u l f a t e s
f r o m m o n o t e r p e n e s w a s o b s e r v e d a n d i s s h o w n i n F i g u r e 1 9 . C o n c e n t r a t i o n s o f m / z 2 9 4
a n d 2 9 6 , a r e h i g h f r o m M a y 19
' *' - 2 9
" "




w h i l e H N O 3 c o n c e n t r a t i o n s
a r e l o w e r d u r i n g t h o s e t im e s H i gh e r H N O 3 c o n c e n t r a t i o n s o c c u r du r i n g tw o t im e p e r i o ds .
M a y 3 0
* - J u n e 1 1
*
a n d J u n e 19
* - J u n e 2 6
*
, w h e n a b u n d a n c e s o f t h e t w o
m o n o t e r p e n e - d e r i v e d n i t r o o x y o r g a n o s u l f a t e s a r e l o w e r . A s i n t h e c a s e o f t h e i s o p r e n e -
d e r i v e d n i t r o o x y o r g a n o s u l f a t e s , n o c o r r e l a t i o n (R
^
< 0 . 2 5 ) w a s s e e n b e t w e e n a b u n d a n c e s
o f t h e s e c o m p o u n d s a n d m i x i n g r a t i o s o f k n o w n p r e c u r s o r B V O C s (i f k n o w n ) , N O 2 + O 3
c o n c e n t r a t i o n s
,
o r n i gh t t i m e n i t r a t e r a d i c a l p r o d u c t i o n d a t a .
3 1
5 E + 0 7 -
s
s
o 4 . E + 0 7
>
B
S 3 E + 0 7
n
re 2 . E + 0 7
v
i2 l E + 0 7
' " m / z 2 9 4
—m / z 2 9 6




O. E + 0 0
K
5 / 1 9 / 1 0 5 / 2 4 / 1 0 5 / 2 9 / 1 0 6 / 3 / 1 0 6 / 8 / 1 0 6 / 1 3 / 1 0 6 / 1 8 / 1 0 6 / 2 3 / 1 0
D a t e
F i g u r e 1 9 . C o m p a r i s o n b e t w e e n H N O 3 m i x i n g r a t i o s a n d m o n o t e r p e n e - d e r i v e d n i t r o o x y
o r g a n o s u l f a t e c o n c e n t r a t i o n s . T h e s e d a t a s u g g e s t t h a t n it r a t e r a d i c a l s a r e l i k e l y n e c e s s a r y
t o f o r m t h e s e o r g a n o s u l f a t e s .
3 . 7 . M e a s u r e m e n t s o f O t h e r O r g a n o s u l f a t e s
T h e s o u r c e o f a n u m b e r o f o t h e r o r g a n o s u l f a t e s h a s n o t y e t b e e n d e t e r m i n e d , b u t
f o t i r a d d i t i o n a l o r g a n o s u l f a t e s w e r e o b s e r v e d i n B a k e r s f i e l d PM 2 5 d t i r in g t h e f i e l d
c a m p a i g n . A s s e e n i n F i g u r e 2 0 , n o n e o f t h e s e o r g a n o s u l f a t e s w e r e v e r y p r e v a l e n t w h e n
c o m p a r e d t o t h e c o n c e n t r a t i o n s o f a l l o t h e r o b s e r v e d o r g a n o s u l f a t e s , a l t h o u g h m /z 15 3
a n d m / z 16 9 b o th a p p e a r e d o n 3 6 o f t h e 3 7 d a y s s a m p l e d . A v e r a g e c o n c e n t r a t i o n s o f
t h e s e f o u r c o m p o u n d s s t a y e d b e l o w 0 . 2 n g m
" ^
,
w i t h t h e m o s t a b u n d a n t (m / z 1 5 5) p e a k i n g
t o 0 . 6 n g m
'
.
F u r t h e r a n a l 3i ;i c a l i n f o rm a t i o n w o u l d b e n e c e s s a r y t o d e t e r m i n e w h e t h e r
t h e s e c o m p o u n d s a r e d e r i v e d f r o m i s o p r e n e o r a m o n o t e r p e n e , a s R
^
v a l u e s w e r e l e s s
t h a n 0 . 2 5 w h e n c o r r e l a t i o n s w e r e a t t e m p t e d b e t w e e n e a c h o f t h e o r g a n o s u l f a t e s a n d
m i x i n g r a t i o s o f a n y o f t h e B V O C s o r o r g a n o s u l f a t e s m e a s u r e d a t t h e s i t e
3 2
m / z 1 3 9
0 ) 1 2 x 1 0
I I I I M > I
5 / 2 1 / 2 0 1 0 5 / 2 6 / 2 0 1 0
1 ) 1 1 1 1 1 (
"
i I i f^ l I I I . .
^ *
=* ^
5 / 3 1 / 2 0 1 0 6 / 5 /2 0 1 0 6 / 1 0 / 2 0 1 0
D a t e
I I I I I I I I I 1 I
'
I I 1 I 1 I I I 1 i I i I j I I
6 / 1 5 / 2 0 1 0 6 / 2 0 / 2 0 1 0 6 / 2 5 / 2 0 1 0
F i g u r e 2 0 . T i m e s e r i e s o f o t h e r o r g a n o s u l f a t e a b u n d a n c e s t h r o u g h o u t t h e c a m p a i g n
T a b l e 7 . O t h e r o r g a n o s u l f a t e s o f u n k n o w n o r i g i n e l e m e n t a l f o r m u l a s , a c c u r a t e m a s s e s ,
r e t e n t i o n t im e s , a n d c o n c e n t r a t i o n s
E l e m e n t a l A c c u r a t e
r t r ^
C o n c e n t r a t i o n s
,
i n n g m
" ^
^
F o r m u l a M a s s (D a ) A v e r a g e M i n i m u m M a x i m u m
1 3 9 C 2 H 3 O 5 S 13 8 . 9 7 0 12 2 1 . 1 2 0 . 0 4 0 . 0 0 0 . 2 1
15 3 C ^ H sC S
-
15 2 . 9 8 5 7 7 2 1 . 12 0 . 17 0 0 0 0 . 5 2
15 5 C 2H 3O 6 S 15 4 . 9 6 5 0 3 7 1 . 0 5 0 . 0 8 0 . 0 0 0 . 8 3
16 9 C 3H 5O 6 S 16 8 . 9 8 0 6 8 7 1 . 1 5 0 . 13 0 . 0 0 0 . 4 3
O l s e n e t a l . (2 0 1 1) p r e v i o u s l y c h a r a c t e r i z e d m /z 15 5 a n d 16 9 a s g l y c o l i c a c i d
s u l f a t e a n d l a c t i c a c i d s u l f a t e , r e s p e c t i v e l y . T h e y a l s o c o l l e c t e d fi l t e r s f r o m t h e
B a k e r s fi e l d g r o u n d s i t e a n d u s e d a u t h e n t i c s t a n d a r d s t o q u a n t i f y t h e s e t w o c o m p o u n d s .
G l y c o l i c a c i d s u l f a t e w a s r e p o r t e d t o b e b e tw e e n 4 . 5 a n d 5 . 4 n g m
" ^ f o r t h e t hr e e d a y s
a n a l y z e d (J u n e 16
*
- 1 8* ) , w h i l e l a c t i c a c i d s u l f a t e w a s r e p o r t e d t o b e 0 . 6 - 0 . 7 n g m
" '
.
T h e s e c o n c e n t r a t i o n s a r e s i g n i fi c a n t l y h i g h e r t h a n w h a t w a s f o u n d i n o u r s a m p l e s (0 . 0 8
a n d 0 . 13 n g m
"
,
r e s p e c t i v e l y ) . T h i s d i s c r e p a n c y i s l i k e l y d u e t o t h e i r u s e o f a u t h e n t i c
s t a n d a r d s . A d d i t i o n a l l y , t h e y s u g g e s t e d t h a t t h e s e c o m p o u n d s w e r e f o r m e d v i a
p h o t o c h e m i c a l p r o c e s s e s i n t h e a q u e o u s - p h a s e o f fi n e a e r o s o l s , w h i c h c o u l d b e fe a s i b l e
b a s e d o n r e c e n t l a b o r a t o r y s t u d i e s (N o z i e r e e t a l . , 2 0 10) G i v e n t h a t n o c o r r e l a t i o n s (R
^
>






























■ m / z 2 1 3
R
^
= 0 3 5
• m / z 2 1 5
R
^
= 0 4 1
A m / z 2 9 7
R
^






WSO C (u g / m )
F i g u r e 2 1 . C o r r e l a t i o n s b e t w e e n W SO C a n d th e m /z 2 13 , 2 15 , a n d 2 9 7 o r g a n o s u l f a t e s .
A l l o t h e r o r g a n o s u l f a t e s m e a s u r e d d i i r i n g th i s s t u d y d i d n o t c o r r e l a t e s i g n i f i c a n t l y (R
^
<
0 . 2 5) w i t h WS O C .
T h e l E P O X - d e r i v e d o r g a n o s u l f a t e , o b s e r v e d a t m / z 2 15 b y o f f - l i n e E SI - M S a n d
o n - l i n e l a s e r i o n i z a t i o n (L I ) - M S t e c h n i q u e s , h a s b e e n m e a s u r e d i n a w i d e v a r i e t y o f
l o c a t i o n s
,
i n c l u d i n g a t g r o u n d s i t e s i n t h e s o u t h e a s t e r n U . S . (Su r r a t t e t a l . 2 0 0 8 ; C h a n e t
a l . 2 0 10 ; H a t c h e t a l . , 2 0 1 l a , b ; L i n e t a l . 2 0 12 ) a n d i n E u r o p e (K r i s t e n s e n e t a l , 2 0 1 1 ;
G o m e z - G o n z a l e z e t a l .
,
2 0 12 ) , a s w e l l a s i n t h e f r e e t r o p o s p h e r e (F r o y d e t a l , 2 0 10 ) . I t i s
w o r t h n o t i n g t h a t F r o y d e t a l . (2 0 10 ) p r e v i o u s l y c o n c l u d e d th a t t h e l E P O X - d e r i v e d
o r g a n o s u l f a t e a t m / z 2 15 i s o n e o f t h e m o s t a b u n d a n t s i n g l e o r g a n i c c o m p o u n d s m e a s u r e d
i n a t m o s p h e r i c a e r o s o l . G i v e n t h e u b i q u i t y o f t h e l E P O X - d e r i v e d o r g a n o s u l f a t e i n
B a k e r s f i e l d a n d o t h e r a m b i e n t l o c a t i o n s
,
i t i s a d v a n t a g e o u s t o c o m p a r e i t s a b u n d a n c e i n
PM 2 5 c o l l e c t e d f r o m B a k e r s f i e l d , C A , t o i t s a b u n d a n c e i n v a r i o u s o t h e r s a m p l i n g
l o c a t i o n s , s u c h a s t h e B l o d g e t t F o r e s t R e s e a r c h St a t i o n (d u r i n g t h e B i o s p h e r e E f f e c t s o n
A e r o s o l s a n d P h o t o c h e m i s t r y E x p e r im e n t , o r B E A R P E X ) (W o r t o n et a l . , 2 0 1 1) a n d i n
t h e s o u t h e a s t U n it e d St a t e s (C h a n e t a l . 2 0 10 ; L i n e t a l . , 2 0 12 ), a s w e l l a s B r a s s c h a a t ,
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B e l g i u m (G o m e z - G o n z a l e z e t a l . , 2 0 12 ) . C o n c e n t r a t i o n s o f t h e l E PO X - d e r i v e d
o r g a n o s u l f a t e a n d i t s a b u n d a n c e r e l a t i v e t o t o t a l O C a r e m u c h l o w e r i n B a k e r s f i e l d t h a n
i n t h e o t h e r l o c a t i o n s m e n t i o n e d , a s s h o w n i n T a b l e 8 .
I t c a n b e s e e n i n T a b l e 8 t h a t w h i l e O C c o n c e n t r a t i o n s a t B a k e r s f i e l d t e n d e d t o
b e h i gh e r t h a n m a n y o t h e r l o c a t i o n s , c o r r e s p o n d i n g m /z 2 15 c o n c e n t r a t i o n s d i d n o t
c o n s t i t u t e a c o m p a r a b l y s i g n i f i c a n t f r a c t i o n o f t h e t o t a l . I n s o u t h e a s t e r n U . S . , r e p r e s e n t e d
b y m e a s u r e m e n t s m a d e i n d o w n t o w n A t l a n t a , G A , h a s a m u c h h i gh e r c o n c e n t r a t i o n o f
t h e l E P O X - d e r i v e d o r g a n o s u l f a t e , m a k i n g u p j u s t o v e r 0 . 2 5% o f t h e t o t a l O C a t t h e s i t e
(C h a n e t a l . 2 0 10) . E v e n Y o r k v i l l e , G A , a r u r a l l o c a t i o n , t h e l E P O X - d e r i v e d
o r ga n o s u l f a t e a c c o u n t s f o r 0 . 5 0% o f t h e t o t a l O C (L i n e t a l . 2 0 12 ) G o m e z - G o n z a l e z e t a l .
(2 0 12 ) f o u n d th a t t h e l E P O X - d e r i v e d o r g a n o s u l f a t e m a de u p a lm o s t 0 . 10% o f t o t a l O C i n
B r a s s c h a a t , B e l g i u m . W o r t o n e t a l . (2 0 1 1 ) s h o w e d t h a t i n B l o d g e t t F o r e s t , l E P O X -
d e r i v e d o r g a n o s u l f a t e c o n c e n t r a t i o n s a r e h i g h e r t h a n i n B a k e r s fi e l d (b y a f a c t o r o f - 15 ) ,
a s w e l l a s m a k i n g u p 0 . 7 6 % o f t o t a l O C .
T a b l e 8 . l E P O X - d e r i v e d o r g a n o s u l f a t e {m / z 2 15 ) c o n t r i b u t i o n s t o O C a t v a r i o u s fi e l d
s i t e s
m / z 2 \ 5 O C w / z 2 15 a s %
L o c a t i o n (n g m
" ^
) (\ i g v ci
^
) o f O C
B a k e r s fi e l d
,
C A L 7 6 A 0 . 0 0 7 %
B l o d g e t t F o r e s t , C A
"
2 5 . 1 0
,
9 0 . 7 6%
B r a s s c h a a t
,




4 L 7 0 . 10%
Y o r k v i l l e , G A
" 72 4 3 0 5 0%






0 0 . 2 5 %
" D a t a f r o m W o r t o n e t a l . (2 0 1 1)
*
D a t a f r o m G o m e z - G o n z a l e z e t a l . (2 0 12 )
'
D a t a f r o m L i n e t a l . (2 0 12 )
' '
D a t a f r o m C h a n e t a l . (2 0 1 1 )
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Wh e n c o n s i d e r i n g t h e t o t a l c o n t r i b u t i o n o f t h e m e a s u r e d o r g a n o s u l f a t e s t o t o t a l
o r g a n i c m a t t e r (OM ) a t t h e g r o u n d s i t e , i t i s a g a i n s e e n t h a t o r g a n o s u l f a t e s a r e n o t a
m a j o r c o n t r i b u t o r t o t o t a l a e r o s o l l o a d i n g . T o t a l O M a v e r a g e d 3 . 4 |J g /m , w i t h m i n im u m
a n d m a x im u m v a l u e s o f 0 . 9 a n d 7 . 4 |i g / m ^ r e s p e c t i v e l y . T o t a l o r g a n o s u l f a t e
c o n c e n t r a t i o n s r a n g e d f r o m 0 . 4 8 t o 16 . 9 n g m
' ^
,
a v e r a g i n g 6 . 0 n g m
' ^
. D a i l y a v e r a g e
c o n t r i b u t i o n t o O M f r o m th e o r g a n o s u l f a t e s m e a s u r e d w a s o n l y 0 . 17% a n d p e a k e d o n
J u n e 2 1
^ '
a t 0 2 2% o f t o t a l OM . A n a v e r a g e o f 4 3 . 5% o f th i s c o n t r i b u t i o n i s a t t r i b u t a b l e t o
t w o n i t r o o x y o r g a n o s u l f a t e s , w / z 2 9 4 (d e r i v e d f r o m a - p i n e n e ) a n d m / z 2 9 6 (d e r i v e d f r o m
a l im o n e n e - l i k e m o n o t e r p e n e ) , a lt h o u g h th e s e tw o c o m p o u n d s m a d e u p a s m u c h a s 80%
o f t o t a l o r g a n o s u l f a t e m a s s d u r i n g t h e s a m p l i n g p e r i o d . I t m u s t b e n o t e d , h o w e v e r , t h a t
t h e o r g a n o s u l f a t e s m e a s u r e d h e r e l i k e l y d o n o t c o n s t i t u t e a l l o f t h e o r g a n o s u l f a t e s t h a t
c o u l d p o t e n t i a l l y b e p r e s e n t i n B a k e r s f i e l d . A d d i t i o n a l l y , o t h e r t e r p e n e - d e r i v e d
c o m p o u n d s s u c h a s t e r p e n o i c a c i d s a p p e a r i n t h e B P C (F i g u r e 3 ) , i n d i c a t i n g t h a t
m u l t i p l e c o m p o u n d c l a s s e s m a k e u p t h e t o t a l c o n t r i b u t i o n o f B V O C - d e r i v e d S O A t o O M .
B a k e r s fi e l d
,
w h i l e a n u r b a n c e n t e r i n t h e S a n J o a q u i n V a l l e y , d o e s n o t h a v e t h e
l e v e l o f a gr i c u l t u r e w i t h i n t h e c i t y l im i t s t h a t i s s e e n i n m o s t o f t h i s a i r b a s i n (K e r n
C o u n t y , 2 0 10 ) . C r o p s a n d l i v e s t o c k t e n d t o b e l o c a t e d a t l e a s t 2 0 m i l e s a w a y f r o m
B a k e r s fi e l d
,
a s s e e n i n F i g u r e 2 2 , w h i c h o u t l i n e s c r o p l o c a t i o n s r e l a t i v e t o t h e c i t y . F o r
e x a m p l e , c i t r u s g r o v e s w o u l d p r o v i d e s i g n i fi c a n t e m i s s i o n s o f l im o n e n e - l i k e t e r p e n e s
(C hr i s t e n s e n e t a l . , 2 0 0 0 ; C i c c i o l i e t a l . , 1 9 9 9 ) , b u t t h e n e a r e s t g r o v e i s l o c a t e d 10 m i l e s
t o t h e s o u t h
,
w i t h th e n e x t n e a r e s t 2 0 m i l e s a w a y t o t h e n o r t h w e s t . D u e t o t h i s d i s t a n c e ,
n o s i g n i fi c a n t c o r r e l a t i o n s (R
^
> 0 . 2 5 ) b e t w e e n s o u r c e B V O C s a n d t h e i r o r g a n o s u l f a t e
p r o d u c t s c o u l d b e m a d e , e v e n w h e n a c c o u n t i n g f o r w i n d d i r e c t i o n . U n l i k e u r b a n a r e a s
3 7
s u c h a s A t l a n t a , G A , d i r e c t b i o g e n i c e m i s s i o n s a r e p o t e n t i a l l y t o o f a r a w a y f r o m t h e
s o u r c e o f a n t h r o p o g e n i c p o l l u t i o n t o c a u s e a c o m p a r a b l e l e v e l o f o r g a n o s u l f a t e f o r m a t i o n
t o t h a t s e e n i n A t l a n t a (Ch a n e t a l . , 2 0 10 ) .
e r n I o y si t i
, r i f
mM r n
^
l l B i R " I S - : ; : : : : . = n
-
i . , - . : :
"
B e a r V
m
■■ • t l l H l l l l V . K . :
'
!
m m EM i G D i o
* ^ * n i i |
F i g u r e 2 2 . C r o p l o c a t i o n s i n K e r n C o u n t y , C A (K e r n C o u n t y D e p a r tm e n t o f A g r i c u l t u r e )
I t h a s b e e n c o n f i r m e d t h a t m / z 2 1 5 i s d e r i v e d f r o m i s o p r e n e v i a e p o x y d i o l
f o r m a t i o n (L i n e t a l . , 2 0 12 ) . C o r r e l a t i o n s s h o w t h a t t h e f o r m a t i o n o f m /z 19 9 , 2 1 1, a n d
2 13 i s l i k e l y v i a a n e p o x i d e i n t e r m e d i a t e (F i g u r e 8 ) . A d d i t i o n a l c o n f i r m a t i o n t h a t t h e s e
i s o p r e n e - d e r i v e d o r g a n o s u l f a t e s a r e s e c o n d a r y i n n a t u r e c a n b e s e e n f r o m th e i r
c o r r e l a t i o n w i t h b o t h O 3 a n d N O x (F i g u r e 1 0 , A - 2 - A - 9 ) . T h i s c o m p a r e s w e l l w i t h
3 8
c o n c l u s i o n s m a d e r e g a r d i n g o t h e r s e c o n d a r y p r o d u c t s o f V O C o x i d a t i o n f r o m p r e v i o u s
w o r k (G r i f fm e t a l . , 1 9 9 9 ; H o f fm a i m e t a l . , 19 9 7 ; K a m e n s e t a l . , 1 9 9 9 ; K o c h e t a l . , 2 0 0 0 ) .
A e r o s o l a c i d i t y a t t h e s i t e w a s h i gh l y n e u t r a l i z e d d u e t o t h e l e v e l s o f p a r t i c l e -
p h a s e a m m o n i u m . A s a r e s u l t , w h i l e t h e a n t i
- c o r r e l a t i o n s o b s e r v e d b e t w e e n [H
' ^





a n d 2 15 i s n o t t o b e e x p e c t e d f r o m p r e v i o u s w o r k (J a n g e t a l . , 2 0 0 2 ; l i n u m a e t
a l . , 2 0 0 4 ; G a o e t a l . , 2 0 0 4 ; Su r r a t t e t a l , 2 0 0 6 ; S u r r a t t e t a l , 2 0 0 7 b ; L i n e t a l , 2 0 12 ) , n o
f i r m c o n c l u s i o n s c a n b e d r a w n f r o m t h e s e o b s e r v a t i o n s . F u r t h e r w o r k n e e d s t o b e d o n e t o
c o n s t r a i n t h e a e r o s o l a c i d i t y e s t im a t e s w i t h g a s - p h a s e N H 3 m e a s u r e m e n t s .
Wh i l e m o n o t e r p e n e - d e r i v e d o r g a n o s u l f a t e s w e r e n o t h i gh ly a b u n d a n t a t a n y p o in t
d u r i n g t h e c a m p a i g n , t h e c o r r e l a t i o n b e t w e e n m / z 2 7 9 (c o n f i r m e d t o b e d e r i v e d f r o m a -
a n d P- p i n e n e ) a n d m /z 2 3 7 , 2 5 1, a n d 2 6 7 i n d i c a t e s t h a t t h e s e t hr e e o r g a n o s u l f a t e s a r e
l i k e l y a l s o d e r i v e d f r o m a - a n d P- p i n e n e o r a t t h e v e r y l e a s t a r e f o r m e d th r o u g h s im i l a r
p a t h w a y s t o m / z 2 7 9 A s s o u r c e s f o r t h e s e o r g a n o s u l f a t e s h a v e n o t y e t b e e n c o n f i r m e d ,
t h i s p o t e n t i a l s o u r c e c o u l d b e u s e f u l t o i n v e s t i g a t e .
M o n o t e r p e n e - d e r i v e d n i t r o o x y o r g a n o s u l f a t e s w e r e t h e m o s t a b u n d a n t
c o m p o u n d s d u r i n g t h e c a m p a i g n , i n c o n t r a s t t o m o s t p r i o r s t u d i e s t h a t s h o w e d th a t t h e
l E P O X - d e r i v e d o r g a n o s u l f a t e {m / z 2 15 ) i s t h e m o s t p r e v a l e n t o r g a n o s u l f a t e i n a m b i e n t
s a m p l e s (F r o y d e t a l . , 2 0 10) . A d d i t i o n a l l y , t h e i r a n t i - c o r r e l a t i o n w i t h H N O 3 (F i g u r e 1 9 )
p r o v i d e s t e n t a t i v e e v i d e n c e f o r t h e n e c e s s i t y o f N O 3 r a d i c a l s i n t h e f o r m a t i o n o f m / z 2 94
a n d 2 9 6 . T h i s c o m p a r e s f a v o r a b l y w i t h s t u d i e s b y l i n u m a e t a l . (2 0 0 7 ) , w h i c h s h o w th a t
t h e s e c o m p o u n d s fo r m p r e f e r e n t i a l l y a t n i g h t , w h e n n i t r a t e r a d i c a l s a r e n o t im m e d i a t e l y
p h o t o l y z e d a n d a r e a v a i l a b l e t o p a r t i c i p a t e i n o t h e r a tm o s p h e r i c r e a c t i o n s .
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D e t e r m i n i n g t h e p a r t i c u l a r m o n o t e r p e n e s o u r c e f o r m / z 3 4 2 , a n o t h e r n i t r o o x y
o r g a n o s u l f a t e , h a s p r o v e n d i f f i c u l t d u e t o a n u m b e r o f c o m p o u n d s w i t h v a r y i n g R T a n d
M S/M S s p e c t r a a p p e a r i n g a t t h i s m a s s - t o - c h a r g e v a l u e . P a r t i c u l a r l y , l i n u m a e t a l . (2 0 0 7 )
s aw th i s c o m p o u n d i n n i g h t t im e s a m p l e s . Su r r a t t e t a l . (2 0 0 8 ) c o n d u c t e d e x p e r im e n t s
w i t h a - a n d P- p i n e n e a s w e l l a s a - t e r p i n e n e ; p h o t o o x i d a t i o n e x p e r im e n t s w i t h t h e s e
B V O C s , N O x , a n d a c i d i c s e e d a e r o s o l a l l f o r m e d a n o r g a n o s u l f a t e a t m / z 3 4 2 . I n t h i s
p a r t i c u l a r c a m p a i g n , m / z li Al c o r r e l a t e d w e l l (R
^ = 0 . 3 8) w i t h m / z 2 9 6 (F i g u r e 1 8 ) . A s
m / z 2 9 6 i s d e r i v e d f r o m a l i m o n e n e - l i k e m o n o t e r p e n e , t h i s f i i r t h e r c o m p l i c a t e s t h e
a s s i g n m e n t o f a p a r t i c u l a r m o n o t e r p e n e a s t h e s o u r c e f o r m / z 34 2 .
O v e r a l l
,
l e v e l s o f o r g a n o s u l f a t e s w e r e n o t n e c e s s a r i l y s i g n i f i c a n t , c o n s t i t u t i n g a n
a v e r a g e o f 0 . 17% o f t o t a l OM . T h e l E P O X - d e r i v e d o r g a n o s u l f a t e { m / z 2 15 ) w a s a l s o n o t
a m a j o r c o n t r i b u t o r t o t o t a l a e r o s o l l o a d i n g s a t t h e s i t e . H o w e v e r , m e c h a n i s t i c a n d s o u r c e
i n f o r m a t i o n f o r a n u m b e r o f i s o p r e n e - d e r i v e d o r g a n o s u l f a t e s a n d m o n o t e r p e n e - d e r i v e d
o r g a n o s u l f a t e s a n d n i t r o o x y o r g a n o s u l f a t e s w a s p o s s i b l e d u e i n p a r t t o t h e l a r g e n u m b e r
o f c o - l o c a t e d m e a s u r e m e n t s a s w e l l a s m e a s u r e m e n t s m a d e b y CA R B f r o m th e i r a i r
m o n i t o r i n g n e t w o r k .
4 . C o n c l u s i o n s a n d F u t u r e W o r k
D u r i n g t h e 3 9 d a y C a lN e x f i e l d c a m p a i g n i n B a k e r s f i e l d , C A , a w i d e v a r i e t y o f
o r g a n o s u l f a t e s w e r e d e t e c t e d i n PM 2 5 s a m p l e s c o l l e c t e d f r o m t h e g r o u n d s i t e .
O r g a n o s u l f a t e s d e r i v e d f r o m i s o p r e n e , a - p i n e n e , a n d l im o n e n e - l i k e m o n o t e r p e n e s w e r e
o b s e r v e d
,
i n c l u d i n g b o t h n i t r a t e d a n d n o n - n i t r a t e d d e r i v a t i v e s . E v e n t h o u g h
c o n c e n t r a t i o n s w e r e q u i t e l o w t h r o u gh o u t t h e c a m p a i g n , t o t a l i n g l e s s t h e n 6 . 0 n g m
" '
o n
a v e r a g e a n d m a k i n g u p o n l y 0 . 1 7% o f t o t a l O M , t h i s c a n b e a t t r i b u t e d t o t h e d i s t a n c e
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b e t w e e n t e r p e n e e m i s s i o n s o u r c e s a n d a n t h r o p o g e n i c p o l l u t i o n a s w e l l a s l o w e r
t e m p e r a t u r e s t h a n w o u l d h a v e b e e n s e e n i n Ju l y a n d A u g u s t . A d d i t i o n a l c o n s i d e r a t i o n
m u s t b e p a i d t o t h e l o w l e v e l o f a c i d i t y p r e s e n t i n t h e a e r o s o l , a s a e r o s o l a c i d i t y p l a y s a
l a r g e p a r t i n p r o m o t i n g th e f o r m a t i o n o f o r g a n o s u l f a t e s . T h e f a c t t h a t o r g a n o s u l f a t e s w e r e
o b s e r v e d d e s p i t e g e o g r a p h i c a l a n d o t h e r c o n c e r n s d o e s p o i n t t o t h e i r u b i q u i t y i n a m b i e n t
fi n e a e r o s o l s .
D e s p i t e l o w e r c o n c e n t r a t i o n s , c o n n e c t i o n s w e r e m a d e b e t w e e n v a r i o u s g a s
- a n d
p a r t i c l e - p h a s e m e a s u r e m e n t s b o t h a t a n d n e a r t h e g r o u n d s i t e . T h e l E P O X
- d e r i v e d
o r g a n o s u l f a t e a t m / z 2 15 c o r r e l a t e s t o [ H
' ^
] s (R
^ = 0 . 3 3 ) , a s d o m /z 1 9 9 a n d 2 13 ; h o w e v e r ,
t h e [H
' ^
l s d a t a i s c u r r e n t l y n o t w e l l c o n s t r a i n e d w i th g a s - p h a s e N H 3 , a n d t h u s , t h i s
c o r r e l a t i o n c a n n o t b e u s e d a t t h i s t im e t o p r o v i d e i n s i g h t s i n t o t h e r o l e o f a e r o s o l a c i d i t y
i n f o r m i n g t h e s e c o m p o u n d s . T h e s u m s o f i s o p r e n e - d e r i v e d o r g a n o s u l f a t e s , a s w e l l a s
m /z 2 15 i n p a r t i c u l a r , a r e c o r r e l a t e d t o b o t h a v e r a g e a n d p e a k d a i l y N O x a n d O 3 l e v e l s a t
s e v e r a l p r o x i m a t e a i r m o n i t o r i n g s i t e s . T h i s i s f u r t h e r i n d i c a t i o n t h a t a t m o s p h e r i c
o x i d a t i o n a n d a g i n g a r e b e h i n d t h e f o r m a t i o n o f c e r t a i n o r g a n o s u l f a t e s , e s p e c i a l l y s i n c e i t
h a s b e e n s h o w n th a t s e v e r a l l a t e r - g e n e r a t i o n o x i d a t i o n p r o d u c t s o f B V O C s l e a d t o t h e i r
f o r m a t i o n b y h e t e r o g e n e o u s o r a q u e o u s - p h a s e c h e m i s t r y . N i gh t t i m e c h e m i s t r y ,
p a r t i c u l a r l y N O 3 r a d i c a l m e d i a t e d r e a c t i o n s , c o u l d p l a y a r o l e i n t h e f o r m a t i o n o f
m o n o t e r p e n e - d e r i v e d o r g a n o s u l f a t e s (a n d i n p a r t i c u l a r t h e a - p i n e n e - d e r i v e d m / z 2 9 4 a n d
m / z 2 9 6
,
d e r i v e d f r o m a l im o n e n e - l i k e m o n o t e r p e n e (Su r r a t t e t a l . , 2 0 0 8 )) . T h i s c a n b e
s e e n f r o m t h e a n t i - c o r r e l a t i o n b e tw e e n H N O 3 , a s i n k f o r N O 3 r a d i c a l s , a n d m o n o t e r p e n e -
d e r i v e d o r g a n o s u l f a t e s . I n a d d i t i o n , c o n c e n t r a t i o n s o f n e a r l y a l l o r g a n o s u l f a t e s t e n d e d t o
i n c r e a s e o v e r t h e c o u r s e o f t h e c a m p a i g n , f o l l o w i n g a g e n e r a l i n c r e a s e i n t e m p e r a t u r e .
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w h i c h w o u l d h a v e i n c r e a s e d B V O C e m i s s i o n s o v e r t h o s e s e e n d u r i n g t h e b e g i n n i n g o f
t h e c a m p a i g n .
I n o r d e r t o b e t t e r u n d e r s t a n d th e u n d e r l y i n g m e c h a n i s m s o f o r g a n o s u l f a t e
f o r m a t i o n , a d d i t i o n a l d a t a s e t s w o u l d b e n e c e s s a r y . D u e t o t h e l o w c o n c e n t r a t i o n s o f
o r g a n o s u l f a t e s o b s e r v e d i n fi n e a e r o s o l s c o l l e c t e d f r o m B a k e r s f i e l d , t h e t i m e r e s o l u t i o n
o f t h e fi l t e r s a m p l e s c o l l e c t e d w a s n e c e s s a r i l y r e s t r i c t e d t o a 2 3 - h r i n t e g r a t e d s a m p l i n g
a p p r o a c h . H i gh e r v o l u m e fi l t e r s a m p l e r s w o u l d b e a b l e t o c o l l e c t m o r e a e r o s o l m a s s i n a
s h o r t e r p e r i o d o f t i m e , a l l o w i n g fo r m o r e t im e
- r e s o l v e d d a t a . T h i s w o u l d h e l p i n t h e
d e t e r m i n a t i o n o f d i u r n a l p a t t e r n s a t t h e s i t e ; o u r g r o u p a t t h e P a s a de n a g r o u n d s i t e u s e d
th i s a p p r o a c h d u r i n g C a lN e x , a n d a s a r e s u l t , d i u r n a l p a t t e r n s w e r e o b s e r v e d b e t w e e n
d i f f e r e n t c l a s s e s o f o r g a n o s u l f a t e s . T h i s w o u l d a l l o w f o r m o r e c o m p l e t e u n d e r s t a n d i n g o f
t h e s o u r c e s a n d m e c h a n i s m s p r e s e n t i n B a k e r s fi e l d .
O r g a n o s u l f a t e s d o n o t m a k e u p a l a r g e p r o p o r t i o n o f t o t a l O C a t t h e B a k e r s fi e l d
g r o u n d s it e , a c c o u n t i n g f o r o n l y 0 . 1 7 % o f t o t a l O M . B P C s s h o w th a t s o m e o f t h e S O A
m a s s c o u l d b e a t t r i b u t e d t o t e r p e n o i c a c i d s a s w e l l a s a n t hr o p o g e n i c d i a c i ds (F i g u r e 3 ) .
O t h e r c o m p o u n d s s e e n i n L C / M S a n d G C /M S c h r o m a t o g r a m s c o u l d a c c o u n t f o r t h e
r e m a i n i n g a e r o s o l m a s s , p a r t i c u l a r l y c o m p o u n d s d e r i v e d f r o m a r o m a t i c V O C s . F o r
e x a m p l e , t o l u e n e a v e r a g e d 3 5 8 p p t v t h r o u gh o u t t h e c a m p a i g n , w h e r e a s t h e m i x i n g r a t i o s
o f i s o p r e n e a n d a
-
p i n e n e a v e r a g e d 7 5 p p t v a n d 4 5 p p t v , r e s p e c t i v e l y . A s a r e s u l t , fi a r t h e r
c h e m i c a l c h a r a c t e r i z a t i o n o f t h e fi n e a e r o s o l s h o u l d l o o k m o r e c l o s e l y f o r c o m p o u n d s
d e r i v e d f r o m a r o m a t i c s .
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5 . A c k n o w l e d g e m e n t s
I a m v e r y g r a t e f u l f o r t h e h e l p a n d s u p p o r t g i v e n b y m e m b e r s o f D r . J a s o n Su r r a t t
'
s
r e s e a r c h g r o u p , p a r t i c u l a r l y Y i n g
- H s u a n L i n a n d H a o f e i Z h a n g . C o m m e n t s a n d f e e d b a c k
m a d e b y D r . J a s o n Su r r a t t , D r . J . Ja s o n W e s t , a n d D r . K e n Se x t o n w e r e a l s o im m e n s e l y
h e l p f u l d u r i n g t h e w r i t i n g p r o c e s s .
O v e r a l l o r g a n i z a t i o n o f t h e C a lN e x f i e l d c a m p a i g n w a s l e d b y A l l e n G o l d s t e i n
a n d R o n C o h e n a t t h e B a k e r s f i e l d g r o u n d s i t e . A d d i t i o n a l m e a s u r e m e n t s m a d e a t t h e s i t e
b y t h e C o h e n a n d G o l d s t e i n r e s e a r c h g r o u p s (U C - B e r k e l e y ) , T r e v o r V a n d e n B o e r a n d
J e n n i f e r M u r p h y (U . T o r o n t o ) , D r e w G e n t n e r (U C - B e r k e l e y ) , D o u g D a y (U C - S a n D i e g o ,
c u r r e n t l y w i t h U C - B o u l d e r ) , M e l i n d a B e a v e r (C a l T e c h , c u r r e n t l y w i t h E P A ) , R o d n e y
W e b e r (G e o r g i a T e c h ) , a n d b y CA R B
'
s a i r m o n i t o r i n g n e t w o r k w e r e e s s e n t i a l t o t h i s
w o r k . A s s i s t a n c e d u r i n g t h e c a m p a i g n b y t h e C a l i f o r n i a E P A e x t e n s i o n o f f i c e ,
p a r t i c u l a r l y J o h n K a r l i k , w a s g r e a t l y a p p r e c i a t e d . I a m v e r y g r a t e fu l t o L e o n a r d C o l l i n s
a n d W a n d a B o d n a r o f t h e U N C B i o m a r k e r M a s s Sp e c t r o m e t r y F a c i l i t y (N I E H S G r a n t
5 P 2 0 - E S 1 0 12 6 ) f o r t h e i r a s s i s t a n c e o n t h e A g i l e n t L C / E SI - Q - T O FM S . T h i s p r o j e c t w a s
f u n d e d b y T h e U . S . E n v i r o n m e n t a l Pr o t e c t i o n A g e n c y t h r o u gh i t s O f f i c e o f R e s e a r c h a n d
D e v e l o p m e n t u n d e r C o n t r a c t E P - D - 0 5 - 0 6 5 t o A l i o n Sc i e n c e a n d T e c h n o l o gy . P e r s o n a l
s u p p o r t w a s i n p a r t b y a W e i s s U r b a n L i v a b i l i t y F e l l o w s h i p (2 0 10 - 2 0 12 ) , a J o h a n s s e n
S c h o l a r s h i p (2 0 10 - 2 0 1 1 ) , a n d t h e E l e c t r i c P o w e r R e s e a r c h I n s t i t u t e (E P R I ) (2 0 1 1) .
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R e f e r e n c e s
A t k i n s o n , R ; A r e y , J A t m o s p h e r i c d e g r a d a t i o n o f v o l a t i l e o r g a n i c c o m p o u n d s . C h e m
R e v 2 0 0 3 , J OS, 4 6 0 5 - 4 6 3 8 .
B u r c h
,
M . E , a n d G a r y , R A . E l e m e n t a l c a r b o n - b a s e d m e t h o d f o r m o n i t o r i n g
o c c u p a t i o n a l e x p o s u r e s t o p a r t i c u l a t e d i e s e l e x h a u s t . A e r o s o l S c i T e c h 2 0 0 7 . 2 5 , 2 2 1
-
2 4 1 .
C a l i f o r n i a A i r R e s o u r c e s B o a r d A i r Q u a l i t y a n d M e t e o r o l o g i c a l I n f o r m a t i o n S y s t e m
h t t p : / / v vw w . a r b . c a . g o v / a q m i s 2 /a q m i s 2 . p h p 2 0 1 1.
C h a n , M . N . ; S u r r a t t , J . D . ; C l a e y s , M . ; E d g e r t o n , E . S . ; T a n n e r , R . L . ; S h a w , S . L . ; Z h e n g ,
M . ; K n i p p i n g , E . M . ; E d d i n g s a a s , N . C ; W e n n b e r g , P . O ; S e i n f e l d , J . H . C h a r a c t e r i a t i o n
a n d q u a n t i f i c a t i o n o f i s o p r e n e - d e r i v e d e p o x y d i o l s i n a m b i e n t a e r o s o l i n t h e s o u t h e a s t e r n
U n i t e d S t a t e s . E n v i r o n . Sc i T e c h n o l 2 0 10 . 4 4 , 4 5 9 0 - 4 59 6 .
C h a n M . N . ; S u r r a t t J . D . ; Ch a n A . W . H . ; S c h i l l i n g , K . ; O f fe n b e r g , J . H . ; L e w a n d o s k i , M . ;
E d n e y , E . G . ; K l e i n d i e n s t , T . E . ; J a o u i , M . ; E dg e r t o n , E . S . ; T a n n e r , R . L . ; Sh a w , S . L . ;
Z h e n g , M . ; K n i p p i n g , E . M . ; Se i n f e l d , J . S . I n f l u e n c e o f a e r o s o l a c i d i t y o n t h e c h e m i c a l
c o m p o s i t i o n o f SO A f r o m b e t a - c a r y o p h y l l e n e . ^ /
'
m o j ' C h e m P hy s 2 0 1 1 . U , 1 7 3 5 - 17 5 1 .




H u m m e l s h o j , P . , J e n s e n , N . O . , L a r s e n , B . , L o h s e , C , P i l e g a a r d , K . ,
Sk o v , H . , D e t e r m i n a t i o n o f t h e t e r p e n e f l u x fr o m o r a n g e s p e c i e s a n d N o r w a y s p r u c e b y
r e l a x e d e d d y a c c u m u l a t i o n . A t m o s . E n v i r o n 2 0 0 0 . 3 4 ( 19 ) , 3 0 5 7 - 3 0 6 7 .








F r a t o n i
,
M . , D i P a l o , V . , V a l e n t i n i , R . , T i r o n e , G . , Se u f e r t ,
G .
,
B e r t i n , N . , H a n s e n , U . , C s i k y , O . , L e n z , R . , Sh a rm a , M . , E m i s s i o n o f r e a c t i v e t e r p e n e
c o m p o u n d s f r o m o r a n g e o r c h a r d s a n d th e i r r e m o v a l b y w i t h i n - c a n o p y p r o c e s s e s . J
G e o p hy s R e s - A t m o s 19 9 9 . 1 04 (D 7 ) , 8 0 7 7 - 8 0 9 4 .
C o l e - F i l i p i a k , N . C . , O




E l r o d
,
M . J
. K i n e t i c s a n d h y d r o l y s i s o f
a tm o s p h e r i c a l l y r e l e v a n t i s o p r e n e - d e r i v e d h y d r o x y e p o x i d e s . E n v i r o n Sc i . T e c h n o l 2 0 1 0 .
4 ^
,
6 7 18 - 6 7 2 3 .
C r o u n s e , J . D . , M c K i n n e y , K . A . , K w a n , A . J . , a n d W e n n b e r g , P . O . M e a s u r e m e n t o f g a s -
p h a s e h y d r o p e r o x i d e s by c h e m i c a l i o n i z a t i o n m a s s s p e c t r o m e t r y A n a l C h e m . 2 0 0 6 . 78,
6 7 2 6 - 6 7 3 2 .
D e n k e n b e r g e r , K . A . , M o f fe t , R . C . , H o l e c e k , J . C , R e b o t i e r , T . P . , P r a t h e r , K . A . , R e a l - t im e ,
s i n g l e - p a r t i c l e m e a s u r e m e n t s o f o l i g o m e r s i n a g e d a m b i e n t a e r o s o l p a r t i c l e s . E n v i r o n S c i .
T e c h n o l 2 0 0 7 . 4 1 , 5 4 3 9- 5 4 4 6 .
E d d i n g s a a s , N . C . , V a n d e r V e l d e , D . G . , W e n n b e r g , P . O . K i n e t i c s a n d p r o du c t s o f a c i d -
c a t a l y z e d r i n g - o p e n i n g o f a tm o s p h e r i c a l l y r e l e v a n t b u t y l e p o x y a l c o h o l s . J . P hy s Ch e m
A 2 0 10 . 1 1 4, 8 10 6 - 8 1 13 .
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E l l i s , R . A . , M u r p h y , J . G . , M a r k o v i c , M . Z . , V a n d e n B o e r , T . C . , M a k a r , P . A . , B r o o k , J . ,
M i h e l e
,
C . T h e i n f l u e n c e o f g a s - p a r t i c l e p a r t i t i o n i n g a n d s u r f a c e - a t m o s p h e r e e x c h a n g e o n
a m m o n i a du r i n g B A QS- M e t . ^ ^w o 5
' C h e m P hy s . 2 0 1 1 . 1 1, 13 3 - 1 4 5 .
F a r e s , S . , G e n t n e r , D . R . , P a r k , J . - H . , O r m e n o , E . , K a r l i k , J . , G o l d s t e i n , A . H . B i o g e n i c
e m i s s i o n s f r o m C i t r u s s p e c i e s i n C a l i f o r n i a . A t m o s E n v i r o n 2 0 1 1 . 4 5 , 4 5 5 7
- 4 56 8 .
G a l l o w a y , M . M , C h h a b r a , P . S . , C h a n , A . W . H , Su r r a t t , J . D . , F l a g a n , R . C , S e i n f e l d ,
J . H .
,
a n d K e u t s c h
,
F . N . G l y o x a l u p t a k e o n a m m o n i u m s u lp h a t e s e e d a e r o s o l : r e a c t i o n
p r o du c t s a n d r e v e r s i b i l i t y o f u p t a k e u n d e r d a r k a n d i r r a d i a t e d c o n d i t i o n s , A t m o s C h e m
P hy s 2 0 0 9 . 9 , 3 3 3 1 - 3 34 5 .
G a o
,
S ; N g , N . L . ; K e y w o o d , M . ; V a r u t b a n g k u l , V . ; B a h r e i n i , R . ; N e n e s , A . ; H e , J . ; Y o o ,
K Y . ; B e a u c h a m p , J . L . ; H o d y s s , R . P . ; F l a g a n , R . C ; Se i n f e l d , J . H . P a r t i c l e p h a s e
a c i d i t y a n d o l i g o m e r f o r m a t i o n i n s e c o n d a r y o r g a n i c a e r o s o l . E n v i r o n S c i T e c h n o l 2 0 0 4 .
3 8
,





Su r r a t t
,
J . D .
,
K n i p p i n g , E . M . , E d g e r t o n , E . S . , Sh a h g h o l i , M . , a n d Se i n f e l d , J . H .
C h a r a c t e r i z a t i o n o f p o l a r o r g a n i c c o m - p o n e n t s i n fi n e a e r o s o l s i n t h e s o u t h e a s t e r n U n i t e d
St a t e s : M e n - t it y , o r i gi n , a n d e v o l u t i o n . J G e o p hy s R e s 2 0 0 6 . H I , D 14 3 14 ,
d o i : 1 0 . 102 9/ 2 0 0 5 JD 0 0 6 6 0 1 .
G o m e z - G o n z a l e z
,
Y . ; S u r r a t t , J . D . ; C u y c k e n s , F . ; S z m i g i e l s k i , R . ; V e r m e y l e n , R . ; J a o u i ,
M . ; L e w a n d o w s k i , M . ; O f fe n b e r g , J . H . ; K l e i n d i e n s t , T . E . ; E d n e y , E . O . ; B l o c k h u y s , F . ;
V a n A l s e n o y , C ; M a e n h a u t , W . ; C l a e y s , M . C h a r a c t e r i z a t i o n o f o r ga n o s u l f a t e s f r o m t h e
p h o t o o x i d a t i o n o f i s o p r e n e a n d u n s a t u r a t e d f a t t y a c i d s in a m b i e n t a e r o s o l u s i n g l i q u i d
c hr o m a t o g r a p h y / ( - ) e l e c t r o s p r a y i o n i z a t i o n m a s s s p e c t r o m e t r y . J Ma s s Sp e c t r o m . 2 0 0 8 ,
4 i , 3 7 1- 3 8 2 .
G o m e z - G o n z a l e z
,
Y . ; W a n g , W . ; V e r m e y l e n , R . ; C h i , X . ; N i e r y n c k , J ; J a n s s e n s , I . A . ;
M a e n h a u t
,
W . ; C l a e y s , M . C h e m i c a l c h a r a c t e r i s a t i o n o f a tm o s p h e r i c a e r o s o l s du r i n g a
2 0 0 7 fi e l d c a m p a i g n a t B r a s s c h a a t , B e l gi u m : s o u r c e s a n d s o u r c e p r o c e s s e s , t im e s e r i e s ,
di e l v a r i a t i o n s
,
a n d t e m p e r a t u r e d e p e n d e n c i e s . A t m o s Ch e m P hy s D i s c u s s 2 0 1 1 . 1 1 ,
2 3 54 1- 2 3 5 72 .
G r i f fi n
,
R . J . ; C o c k e r , D . R . ; S e i n f e l d , J . H . ; D a b d u b , D . E s t im a t e o f g l o b a l a tm o s p h e r i c
o r g a n i c a e r o s o l f r o m o x i d a fi o n o f b i o g e n i c h y d r o c a r b o n s . G e o p hy s R e s L e t t 19 9 9 . 2 6,
2 7 2 1- 2 7 2 4 .
G u e n t h e r
,
A . ; K a r l , T . ; H a r l e y , P . ; W i e d i n m y e r , C ; P a lm e r , P . I . ; G e r o n , C . E s t im a t e s
o f g l o b a l t e r r e s t r i a l i s o p r e n e e m i s s i o n s u s i n g M EG A N (M o d e l o f E m i s s i o n s o f G a s e s a n d
A e r o s o l s f r o m N a t u r e ) . A t m o s C h e m P hy s 2 0 0 6 . <5, 3 18 1 - 3 2 10 .
H a l l
,
J . V .
,
B r a j e r , V . , L u rm a n n , F . W . ; M e a s u r i n g t h e g a i n s f r o m im p r o v e d a i r q u a l i t y i n
t h e Sa n J o a q u i n V a l l e y . J . E n v M a n a g e m e n t . 2 0 0 8 . 5 5 , 10 0 3 - 10 15 .
H a l l q u i s t , M . , W e n g e r , J . C . , B a l t e n s p e r g e r , U . , R u d i c h , Y . , Sim p s o n , D . , C l a e y s , M . ,
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D o m m e n , J . , D o n a h u e , N . M . , G e o r g e , C , G o l d s t e i n , A H , H a m i l t o n , J . F . , H e r r m a n n , H ,
H o f f m a n n , T . , l i n u m a , Y . , J a n g , M . , J e n k i n , M . E . , J im e n e z , J . L , K i e n d l e r - Sc h a r r , A . ,
M a e n h a u t
,
W . , M c F i g g a n s , G . , M e n t e l , T . F . , M o n o d , A . , P r e v o t , A . S . H . , S e i n f e l d , J . H . ,
Su r r a t t
,
J . D . , Sz m i g i e l s k i , R . , W i l dt , J . T h e f o r m a t i o n , p r o p e r t i e s a n d im p a c t o f s e c o n d a r y
o r g a n i c a e r o s o l : c u r r e n t a n d e m e r g i n g i s s u e s . A t m o s Ch e m P hy s . 2 0 0 9 . 9, 5 15 5
- 5 2 3 5 .
H a t a k e y a m a , S . , I z u m i , K . , F u k u y a m a , T . , A k im o t o , H . , W a s h i d a , N . R e a c t i o n s o f O H
w i t h a - p i n e n e a n d b - p i n e n e i n a i r - e s t i m a t e o f g l o b a l C O p r o du c t i o n f r o m t h e a tm o s p h e r i c
o x i d a t i o n o f t e r p e n e s . J G e o p hy s R e s . 1 9 9 1 . 9 6 , 9 4 7 - 9 5 8 .
H e c o b i a n , A . , Z h a n g , X . , Z h e n g , M . , F r a n k , N . , E d g e r t o n , E . S . , a n d W e b e r , R . J . W a t e r -
So l u b l e O r g a n i c A e r o s o l m a t e r i a l a n d t h e l i g h t - a b s o r p t i o n c h a r a c t e r i s t i c s o f a q u e o u s
e x t r a c t s m e a s u r e d o v e r t h e S o u th e a s t e r n U n i t e d St a t e s . A t m o s . C h e m P hy s , 2 0 1 0 . 1 0,
5 9 6 5 - 5 9 7 7 .
H o , K . F . , L e e , S . C . , H o , S . S . H . , K a w a m u r a , K . , T a c h i b a n a , E . , C h e n g , Y . , Z h u , T .
D i c a r b o x y l i c a c i d s , k e t o c a r b o x y l i c a c i d s , a D d i c a r b o n y l s , f a t t y a c i d s , a n d b e n z o i c a c i d i n
u r b a n a e r o s o l s c o l l e c t e d d u r i n g t h e 2 0 0 6 C a m p a i g n o f A i r Qu a l it y R e s e a r c h i n B e ij i n g
(C A R E B e ij i n g n 2 0 0 6 ) J G e o p hy s R e s 2 0 1 0 . 1 1 5 , D 19 3 12 , d o i : 1 0 . 10 2 9 / 2 0 0 9JD 0 13 3 0 4
H o f f m a n n
,
T . ; O d u m , J . R . ; B o w m a n , F . ; C o l l i n s , D . ; K l o c k o w , n D . ; F l a g a n , R . C . ;
Se i n f e l d , J . H . ; F o r m a t i o n o f o r ga n i c D a e r o s o l s f r o m t h e o x i d a t i o n o f b i o g e n i c
hy dr o c a r b o n s . J J f m o ^ Ch e m 1 99 7 . 2 6, 18 9
- 2 2 2 .
l i n u m a
,
Y . ; B o g e , O . ; G n a u k , T . ; H e r r m a n n , H . A e r o s o l - c h a m b e r s t u d y o f t h e a -
p i n e n e / O s r e a c t i o n : i n fl u e n c e o f p a r t i c l e a c i d i t y o n a e r o s o l y i e l d s a n d p r o d u c t s . A t m o s .
E n v i r o n . 2 0 0 4 , 3 8 , 7 6 1- 7 7 3 .




M u l l e r , C , B e m d t , T . , B o g e , O . , C l a e y s , M . , H e r r m a n n , H . E v i d e n c e
f o r t h e e x i s t e n c e o f o r g a n o s u l f a t e s f r o m b e t a - p i n e n e o z o n o l y s i s i n a m b i e n t
s e c o n d a r y o r g a n i c a e r o s o l . E n v i r o n Sc i T e c h n o l 2 0 0 7 , 4 1 , 6 6 7 8 - 6 6 8 3 .
l i n u m a , Y . , B o g e , O . , K a h n t , A . , H e r r m a n n , H . , L a b o r a t o r y c h a m b e r s t u d i e s o n
t h e f o r m a t i o n o f o r g a n o s u l f a t e s f r o m r e a c t i v e u p t a k e o f m o n o t e r p e n e o x i d e s .
P hy s Ch e m C h e m P hy s . 2 0 0 9 . 11 , 7 9 8 5 - 7 9 9 7 .
I n t e r g o v e r n m e n t a l P a n e l o n C l im a t e C h a n g e (I P C C ) . C l i m a t e C h a n g e : T h e Sc i e n t if i c
B a s i s ; C a m br i d g e U n i v e r s i t y P r e s s : C a m br i d g e , U . K . , 2 0 0 7 .
J a c o b , D . J . I n t r o d u c t i o n t o A tm o s p h e r i c Ch e m i s t r v . P r i n c e t o n U n i v e r s i t y P r e s s , 19 9 9 .
J a n g , M . ; C z o s c h k e , N . M . ; L e e , S . ; K a m e n s , R . M . H e t e r o g e n e o u s a t m o s p h e r i c a e r o s o l
p r o d u c t i o n b y a c i d - c a t a l y z e d p a r t i c l e - p h a s e r e a c t i o n s . Sc i e n c e 2 0 0 2 , 2 9 8 , 8 14 - 8 17 .
Jim e n e z , J . L . , J a y n e , J . T . , Sh i , Q . , K o l b , C . E . , W o r s n o p , D . R . A m b i e n t a e r o s o l s a m p l i n g
w i t h a n a e r o s o l m a s s s p e c t r o m e t e r . J G e o p hy s . R e s - A t m o s 2 0 03 , 1 0 8 (D 7) , 84 2 5 - 84 3 7 .
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K a l b e r e r , M , Sa x , M . , Sa m b u r o v a , V . M o l e c u l a r s i z e e v o l u t i o n o f o l i g o m e r s i n o r g a n i c
a e r o s o l s c o l l e c t e d i n u r b a n a t m o s p h e r e s a n d g e n e r a t e d in a s m o g c h a m b e r . E n v i r o n Sc i
T e c h n o l 2 0 0 6 . 4 0 , 5 9 17 - 5 9 2 2 .
K a m e n s
,
R . M . ; J a n g , M . ; Ch i e n , C . J . ; L e a c h , K . A e r o s o l f o r m a t i o n f r o m th e r e a c t i o n s o f
a - p i n e n e a n d o z o n e u s i n g a g a s - p h a s e k i n e t i c s - a e r o s o l p a r t i t i o n i n g m o d e l . E n v i r o n Sc i
T e c h n o l 1 9 99 . 3 3
,
14 3 0 - 14 3 8 .
K a n a k i d o u , M . ; Se i n f e l d , J . H . ; P a n d i s , S . N . ; B a r n e s , I . ; D e n t e n e r , F . J . ; F a c c h i n i , M . C . ;
V a n D i n g e n e n , R . ; E r v e n s , B . ; N e n e s , A . ; N i e l s e n , C . J . ; Sw i e t l i c k i , E . ; P u t a u d , J . P . ;
B a l k a n s k i , Y . ; F u z z i , S . ; H o r t h , J . ; M o o r t g a t , G . K . ; W i n t e r h a l t e r , R . ; M y h r e , C . E . L . ;
T s i g a r i d i s , K . ; V i g n a t i , E . ; S t e p h a n o u , E . G ; W i l s o n , O r g a n i c a e r o s o l a n d g l o b a l c l im a t e
m o d e l l i n g : a r e v i e w . J A t m o s C h e m . P hy s . 2 0 0 5 . 5 , 10 5 3 - 1 12 3 .
K e r n C o u n t y A v a i l a b l e G I S D o w n l o a d D a t a h t t p : / / w w w . c o . k e m . c a . u s /g i s / d o w n l o a d s . a s p
2 0 12 .
K l e i n d i e n s t , T . E . , S m i t h , D . F . , L i , W . , E dn e y , E . O . , D r i s c o l l , D . J . , Sp e e r , R . E . ,
W e a t h e r s , W . S . Se c o n d a r y o r g a n i c a e r o s o l f o rm a t i o n f r o m t h e o x i d a t i o n o f a r o m a t i c
h y d r o c a r b o n s i n t h e p r e s e n c e o f dr y s u b m i c r o n a m m o n i u m s u l f a t e a e r o s o l , A t m o s .
E n v i r o n . 2 0 0 7 . 3 3 , 3 6 6 9 - 3 6 8 1 .
K o c h
, S . ; W i n t e r h a l t e r , R . ; U h e r e k , E . ; K o Uo f f , A . ; N e e b , P ; M o o r t g a t , G K . F o r m a t i o n
o f n e w p a r t i c l e s i n t h e g a s - p h a s e o z o n o l y s i s o f m o n o t e r p e n e s . A t m o s E n v i r o n 2 0 0 0 . 3 4 ,
4 0 3 1- 4 0 4 2 .
K r i s t e n s e n
,
K . a n d G l a s i u s , M . O r g a n o s u l f a t e s a n d o x i d a t i o n p r o du c t s f r o m b i o g e n i c
h y d r o c a r b o n s i n fi n e a e r o s o l s f r o m a fo r e s t i n n o r t h w e s t E u r o p e d u r i n g s p r i n g . A t m o s




4 5 4 6 - 4 5 5 6 .
K r o l l
,
J . H . , N g , N . L . , M u r p h y , S . M . , V a r u t b a n g k u l , V . , F l a g a n , R C , a n d Se i n f e l d , J .
H . C h a m b e r s t u d i e s o f s e c o n d a r y o r g a n i c a e r o s o l g r o w th b y r e a c t i v e u p t a k e o f s im p l e
c a r b o n y l c o m p o u n d s , J . G e o p hy s . R e s . - A t m o s . 2 0 0 5 , 1 10 , D 2 3 2 0 7 ,
d o i : 1 0 102 9/ 2 0 0 5j d 0 0 60 0 4 .
K r o l l
,
J . H . ; N g , N . L . ; M u r p h y , S . M . ; F l a g a n , R . C ; Se i n f e l d , J . H . Se c o n d a r y o r g a n i c
a e r o s o l f o r m a t i o n f r o m i s o p r e n e p h o t o o x i d a t i o n u n d e r h i g h N O x c o n d i t i o n s . E n v i r o n . Sc i
T e c h n o l . 2 0 0 6 , 4 0 , 18 6 9 - 1 8 7 7 .
L e w a n d o s k i , M . ; J a o u i , M . ; K l e i n d i e n s t , T . E . ; O f f e n b e r g , J . H . ; E d n e y , E . G . C o m p o s i t i o n
o f PM 2
. 5 d u r i n g t h e s u m m e r o f 2 0 0 3 i n R e s e a r c h T r i a n g l e P a r k , N o r t h C a r o l i n a . A t m o s
E n v i r o n 2 0 0 7 . 4 1
,
4 0 7 3 - 4 0 83 .
H e n z e
,
D . K . ; Se i n f e l d , J . H . G l o b a l s e c o n d a r y o r g a n i c a e r o s o l f r o m i s o p r e n e o x i d a t i o n .
G e o p hy s R e s L e t t . 2 0 0 6 , 3 3. L 0 9 8 12 .
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H o y l e , C . R . ; B o y , M . ; D o n a h u e , N . M . ; F r y , J . L . ; G l a s i u s , M . ; G u e n t h e r , A . ; H a l l a r , A . G . ;
H u f f H a r t z
,
K . ; F e t e r s , M . D . ; Pe t a j a , T . ; R o s e n o e m , T . ; Su l l i v a n , A . P . A r e v i e w o f t h e
a n t h r o p o g e n i c i n f l u e n c e o n b i o g e n i c s e c o n d a r y o r g a n i c a e r o s o l . A t m o s . C h e m P hy s .
2 0 1 1 . 1 1 , 3 2 1- 3 4 3 .
L e w i s
,
C . W . , K l o u d a , G . A . , E l l e n s o n , W . D . R a d i o c a r b o n m e a s u r em e n t o f t h e b i o g e n i c
c o n t r i b u t i o n t o s u m m e r t im e P M 2 . 5 a m b i e n t a e r o s o l i n N a s h v i l l e , T N . A t m o s E n v i r o n .
2 0 0 4 . i <5, 6 0 5 3 - 6 0 6 1 .
L i g g i o , J . ; L i , S
- M . ; M c l a r e n , R . H e t e r o g e n e o u s r e a c t i o n o f g l y o x a l o n p a r t i c u l a t e m a t e r :
I d e n t i f i c a t i o n o f a c e t a l s a n d s u l f a t e e s t e r s . E n v i r o n S c i T e c h n o l . 2 0 0 5 . 3 9, 15 3 2 - 15 4 1 .
L i g gi o , J . a n d L i , S - M . O r g a n o s u l f a t e f o r m a t i o n d u r i n g t h e u p t a k e o f p i n o n a l d e h y d e o n
a c i d i c s u l f a t e a e r o s o l s . G e o p hy s R e s . L e t t 2 0 0 6 . 3 3 , L I 3 80 8 ,
d o i : 1 0 . 1 0 2 9/ 2 0 0 6 G L 0 2 6 0 7 9
L im
,
Y . B .
,
T a n , Y . , P e r r i , M . J . , S e i t z i n g e r , S . P . , T u r p i n , B . J A q u e o u s c h e m i s t r y a n d i t s
r o l e i n s e c o n d a r y o r g a n i c a e r o s o l ( SO A ) f o r m a t i o n . A t m o s C h e m P hy s . 2 0 10 1 0 , 10 52 1-
10 5 3 9 .
L i n , Y . H . ; Z h a n g , Z ; D o c h e r t y , K . S . ; Z h a n g , H . ; B u d i s u l i s t i o r i n i , S . H . ; R u b it s c h u n ,
C . L . ; Sh a w , S t e p h a n i e L ; K n i p p i n g , E l a d i o M ; E d g e r t o n , E r i c S . ; K l e i n d i e n s t , T . E . ; G o l d ,
A . ; Su r r a t , J . D . I s o p r e n e e p o x y d i o l s a s p r e c u r s o r s t o s e c o n d a r y o r g a n i c a e r o s o l
f o r m a t i o n : A c i d - c a t a l y z e d r e a c t i v e u p t a k e s t u d i e s w i t h a u t h e n t i c c o m p o u n d s . E n v i r o n
S c i . T e c h n o l 2 0 12 . 4 6
,
2 50 - 2 5 8 .
M i l l e t
,
D . B . ; J a c o b , D . J . ; B o e r s m a , K . F . ; F u , T . - M . ; K u r o s u , T . P . ; Ch a n c e , K . ; H e a l d ,
C . L . ; G u e n t h e r , A . Sp a t i a l d i s t r i b u t i o n o f i s o p r e n e e m i s s i o n s f r o m N o r t h A m e r i c a
d e r i v e d f r o m f o r m a l d e h y d e c o l u m n m e a s u r e m e n t s b y t h e OM I s a t e l l i t e s e n s o r . J
G e o p hy s R e s 2 0 0 8 . 1 1 3, D 0 2 3 0 7 , d o i : 1 0 . 102 9/ 2 0 0 7 J D 0 0 89 50 .
M i n e r a t h
,
E . G .
,
C a s a l e , M . T . , E l r o d , M . J . , K i n e t i c s f e a s i b i l it y s t u d y o f a l c o h o l
s u l f a t e e s t e r i f i c a t i o n r e a c t i o n s i n t r o p o s p h e r i c a e r o s o l s . E n v i r o n . Sc i T e c h n o l . 2 0 0 8 . 4 2 ,
4 4 10 - 4 4 1 5 .
M i n e r a t h , E . G . , E l r o d , M . J . , A s s e s s i n g t h e p o t e n t i a l f o r d i o l a n d h y d r o x y s u l f a t e
e s t e r f o rm a t i o n f r o m t h e r e a c t i o n o f e p o x i d e s i n t r o p o s p h e r i c a e r o s o l s . E n v ir o n S c i .
T e c h n o l . 2 0 0 9 . 4 3 , 13 8 6 - 13 9 2
M i n e r a t h
,
E . G .
,
Sc h u l t z , M . P . , E l r o d , M . J . , K i n e t i c s o f t h e r e a c t i o n s o f i s o p r e n e d e r i v e d
e p o x i d e s i n m o d e l t r o p o s p h e r i c a e r o s o l s o l u t i o n s . E n v i r o n S c i T e c h n o l . 2 0 0 9 . 4 3 , 8 1 3 3-
8 13 9 .
M i y a z a k i , Y . , K o n d o , Y . , T a k e g a w a , N . , K o m a z a k i , Y . , K a w a m u r a , K . , M o c h i d a , M . ,




a n d W e b e r
,
R . J . T i m e - r e s o l v e d m e a s u r e m e n t s o f w a t e r - s o l u b l e o r g a n i c
c a r b o n i n T o k y o . J . G e o p hy s . R e s . , 2 0 0 6 . I l l , D 2 32 0 6 ,
4 8
d o i :2 3 2 1 0 . 2 102 9/ 2 2 0 0 6 JD 0 0 7 12 5 .
N g , N . L . , C h h a b r a , P . S . , C h a n , A . W . H , S u r r a t t , J . D . , K r o l l , J H . , K w a n , A . J . , M c C a b e ,
D . C .
,
W e n n b e r g , P . O . , S o r o o s h i a n , A . , M u r p h y , S . M , e t a l , E f f e c t o f N O x l e v e l o n
s e c o n d a r y o r g a n i c a e r o s o l ( SO A ) f o r m a t i o n fr o m t h e p h o t o o x i d a t i o n o f t e r p e n e s . A t m o s
C h e m . P hy s 2 0 0 7 a . 7 , 5 1 59 - 5 174 .
N O A A N a t i o n a l W e a th e r S e r v i c e F o r e c a s t O f f i c e
h t t p :/ /w w w . w r h . n o a a . g o v / h n x / b f lm a i n . p h p 2 0 1 1.








A l s b e r g , T . , H o lm s t r o m , S . , R a d i c a l - i n i t i a t e d f o r m a t i o n
o f o r g a n o s u l f a t e s a n d s u r f a c t a n t s in a tm o s p h e r i c a e r o s o l s . G e o p hy s . R e s L e t t 2 0 10 . 3 7 ,
L 0 5 8 0 6 . d o i : 10 . 10 2 9/ 2 0 0 9 g l 04 16 8 3 .
O l s e n
,
C . N .
,
G a l l o w a y , M . M . , Y u , G , H e dm a n , C . J . , L o c k e t t , M . R . , Y o o n , T . , St o n e ,
E . A . , Sm i t h , L . M . , K e u t s c h , F . N . H y d r o x y c a r b o x y l i c a c i d - d e r i v e d o r g a n o s u l f a t e s :
s y n t h e s i s , s t a b i l i t y , a n d q u a n t i f i c a t i o n i n a m b i e n t a e r o s o l . 2 0 1 1 . 4 5 , 6 4 6 8- 6 4 7 4 .
P a n d i s
,
S . N .
,
P a u l s o n
,
S . E .
,
Se i n f e l d
,
J . H .
,
F l a g a n , R C . , A e r o s o l f o r m a t i o n i n t h e
p h o t o o x i d a t i o n o f i s o p r e n e a n d b - p i n e n e . A t m o s E n v . 1 9 9 1. 2 5 , 9 9 7
- 10 0 8
P e r r i , M . J . , L im , Y . B . , Se i t z i n g e r , S . P . , a n d T u r p i n , B . J . : O r g a n o s u l f a t e s f r o m
g l y c o l a l d e h y d e i n a q u e o u s a e r o s o l s a n d c l o u d s : L a b o r a t o r y s t u d i e s . A t m o s E n v i r o n . 2 0 10 .
4 4, 2 6 5 8- 2 6 6 4 .
P o p e , C . A . , I I I ; B u r n e t t , R . T . ; T h u n , M . J . ; C a l l e , E . E ; K r e w s k i , D . ; I t o , K . ; T h u r s t o n ,
G . D . L u n g c a n c e r , c a r di o p u lm o n a r y m o r t a l i t y , a n d l o n g- t e r m e x p o s u r e t o fi n e p a r t i c u l a t e
a i r p o l l u t i o n . J . A m Me d . A s s o c 2 0 02 . 2 8 7 , 1 13 2 - 1 14 1.
P r e s t o
,
A . A .
,
H a r t z
,
K . E . H .
,
D o n a h u e
,
N . M .
,
S e c o n d a r y o r g a n i c a e r o s o l p r o d u c t i o n f r o m
t e r p e n e o z o n o l y s i s 2 E f f e c t o f N O x c o n c e n t r a t i o n . E n v i r o n S c i T e c h n o l 2 0 0 5 a . 3 9 ,
7 04 6- 7 0 5 4 .
R y e r s o n , T . B ; A n d r e w s , A . E . ; A n g e v i n e , W . M . ; B a t e s , T . S . ; C o h e n , R . C ; C o o p e r , O .
R . ; d e G o u w , J A . ; F e r r a r e , R . A . ; F i s c h e r , M . L . ; F l a g a n , R . C ; G o l d s t e i n , A . H . ;
H a r d e s t y , R . M . ; J im e n e z , J . - L . ; M c C a u l e y , E . ; M c K e e n , S . A . ; M o l i n a , L . T ; N e n e s , A . ;
O l tm a n s , S . J . ; P a r r i s h , D D . ; Pe d e r s o n , J . R . ; Pi e r c e , R . B . ; Pr a t h e r , K . ; Qu i n n , P . K . ;
Se i n f e l d , J . H . ; So r o o s h i a n , A . ; St u t z , J ; Su r r a t t , J . D . ; T r a i n e r , M . ; W i l l i a m s , E . J . ;
W o f s y , S . C . O v e r v i e w o f t h e 2 0 10 C a l i f o r n i a r e s e a r c h a t t h e n e x u s o f a i r q u a l i t y a n d
c l im a t e c h a n g e (C a lN e x ) fi e l d s t u dy . J G e o p hy s R e s - A t m o s 2 0 12 , u n d e r p r e p a r a t i o n .
R o g g e , W . F . ; H i l d e m a n n , L . M . ; M a z u r e k , M . A . ; C a s s , G . R ; S im o n e i t , B . R . T . So u r c e s
o f fi n e o r g a n i c a e r o s o l . 1 . C h a r b r o i l e r s a n d m e a t c o o k i n g o p e r a ti o n s . E n v i r o n . S c i
T e c h n o l 1 9 9 1 . 2 5, 1 1 12 - 1 12 5 .
R o g g e , W . F . ; H i l d e m a n n , L . M . ; M a z u r e k , M . A . ; C a s s , G . R . ; Sim o n e i t , B . R . T . So u r c e s
4 9
o f f i n e o r g a n i c a e r o s o l . 2 . N o n c a t a l y s t a n d c a t a l y s t D e q u i p p e d a u t o m o b i l e s a n d h e a v y
d u t y d i e s e l t r u c k s , E n v i r o n S c i T e c h n o l 19 9 3 . 2 7 , 6 3 6
- 6 5 1 .
St o n e
,
E A . ; H e dm a n , C . J . ; Z h o u , J . ; M i e r i t z , M . ; Sc h a u e r , J . J . I n s i gh t s i n t o t h e n a t u r e o f
s e c o n d a r y o r g a n i c a e r o s o l i n M e x i c o C i t y du r i n g t h e M I L A G R O e x p e r im e n t 2 0 0 6 . A t m o s
E n v i r o n . 2 0 10 . 4 4 , 3 12 - 3 19 .
St o n e , E . A . ; Y a n g , L . ; Y u , L . E . ; R u p a kh e t i , M . C h a r a c t e r i z a t i o n o f o r g a n o s u l f a t e s i n
a t m o s p h e r i c a e r o s o l s i n f o u r A s i a n l o c a t i o n s . A t m o s E n v i r o n . 2 0 12 . 4 7 , 3 2 3
- 3 2 9 .




P e l t i e r
,
R . E . , B r o c k , C . A . , G o u w , J . A . d . , H o l l o w a y , J . S . , W a m e k e , C ,
W o l l n y , A . G . , a n d We b e r , R . J . : A i r b o r n e m e a s u r e m e n t s o f c a r b o n a c e o u s a e r o s o l
s o l u b l e i n w a t e r o v e r n o r t h e a s t e r n U n i t e d St a t e s : M e t h o d d e v e l o p m e n t a n d a n i n v e s ¬
t i g a t i o n i n t o w a t e r - s o l u b l e o r g a n i c c a r b o n s o u r c e s . J . G e o p hy s . R e s 2 0 0 6 . I l l , D 2 3 S4 6 ,
d o i : 1 0 . 1 0 2 9 /2 0 0 6 J D 0 0 7 0 7 2 .
Su r r a t t , J . D . ; M u r p h y , S . M . ; K r o l l , J . H . ; N g , N . L . ; H i l d e b r a n d t , L . ; So r o o s h i a n , A . ;
Sz m i g i e l s k i , R . ; V e r m e y l e n , R . ; M a e n h a u t , W . ; C l a e y s , M . ; F l a g a n , R . C ; S e i n f e l d , J . H .
C h e m i c a l c o m p o s i t i o n o f s e c o n d a r y o r g a n i c a e r o s o l f o r m e d f r o m th e p h o t o o x i d a t i o n o f
i s o p r e n e . J . P hy s C h e m . A 2 0 0 6 , 1 10 , 9 6 6 5 - 9 6 9 0 .
Su r r a t t
,
J . D . ; K r o l l , J . H . ; K l e i n d i e n s t , T . E . ; E d n e y , E . O . ; C l a e y s , M . ; S o r o o s h i a n , A . ;
N g , N . L . ; O f fe n b e r g , J H . ; L e w a n d o w s k i , M . ; J a o u i , M . ; F l a g a n , R . C ; Se i n f e l d , J . H .
E v i d e n c e f o r o r g a n o s u l f a t e s i n s e c o n d a r y o r g a n i c a e r o s o l . E n v i r o n Sc i T e c hn o l . 2 0 0 7 ,
^ 7 , 5 17 - 5 2 7 .
Su r r a t t , J . D . ; L e w a n d o w s k i , M . ; O f f e n b e r g , J . H . ; J a o u i , M . ; K l e i n d i e n s t , T . E . ; E d n e y , E .
O . ; Se i n f e l d , J . H . E f fe c t o f a c i d i t y o n s e c o n d a r y o r g a n i c a e r o s o l f o r m a t i o n fr o m i s o p r e n e .
E n v i r o n . S c i . T e c h n o l . 2 0 0 7 . 4 1
,
53 6 3 - 5 36 9 .
S u r r a t t
,
J . D .
,




C h a n
,
A . W . H .
,
V e r m e y l e n , R . , Sh a h g h o U, M . ,
K l e i n d i e n s t , T . E . , E d n e y , E . G . , O f f e n b e r g , J . H . , L e w a n d o w sk i , M . , J a o u i , M . ,
M a e n h a u t , W . , C l a e y s , M . , F l a g a n , R . C . , Se i n f e l d , J . H . , O r g a n o s u l f a t e
f o r m a t i o n i n b i o g e n i c s e c o n d a r y o r g a n i c a e r o s o l . J . P hy s . C h e m 2 0 0 8 .
A 1 12
,
8 3 4 5 - 8 3 7 8 .
Su r r a t t , J . D . , C h a n , A . W . H . , E d d i n g s a a s , N . C . , C h a n , M . , L o z a , C . L . , K w a n , A . J . ,
H e r s h e y , S . P . , F l a g a n , R . C . , W e n n b e r g , P . O . , Se i n f e l d , J . H . , R e a c t i v e i n t e r m e d i a t e s
r e v e a l e d i n s e c o n d a r y o r g a n i c a e r o s o l f o r m a t i o n f r o m i s o p r e n e . P r o c e e d i n g s of t h e
N a t i o n a l A c a d e m y of Sc i e n c e s o f t h e U n i t e d St a t e s of A m e r i c a 2 0 1 0 . 1 0 7 , 6 6 4 0 - 6 6 4 5 .
Sz m i g i e l s k i , R . ; Su r r a t t , J . D . ; G o m e z - G o n z a l e z , Y . ; V a n d e r V e k e n , P . ; K o u r t c h e v , I . ;
V e r m e y l e n , R . ; B l o c kh u y s , F . ; J a o u i , M . ; K l e i n d i e n s t , I . E . ; L e w a n d o s k i , M . ; O f f e n b e r g ,
J . H . ; E d n e y , E . O ; Se i n f e l d , J . H . ; M a e n h a u t , W . ; C l a e y s , M . 3 - m e t h y l - 1 , 2 , 3 -
b u t a n e t r i c a r b o x y l i c a c i d : a n a t m o s p h e r i c t r a c e r f o r t e r p e n e s e c o n d a r y o r g a n i c a e r o s o l .
G e o p hy s R e s L e t t 2 0 0 7 . 3 4 , L 2 4 8 1 1 , d o i : 1 0 . 1 0 2 9 / 2 0 0 7 G L 0 3 13 3 8 .
5 0
W e b e r
,
R . J .
,
S u l l i v a n
,
A . P .
,
P e l t i e r
,
R . E .
,








Z h e n g , M . , G o u w , J . A .
d . , W a m e k e , C , B r o c k , C , H o l l o w a y , J . S . , A t l a s , E . L . , a n d E d g e r t o n , E . A s t u d y o f
s e c o n d a r y o r g a n i c a e r o s o l f o r m a t i o n i n t h e a n t h r o p o g e n i c - i n f lu e n c e d s o u t h e a s t e r n
U n i t e d St a t e s
,
J . G e o p hy s . R e s . , 2 0 0 7 . 1 12 , D 13 3 0 2 , d o i : l 0 . 1 0 2 9 / 12 0 0 7JD 0 0 8 4 0 8 .
W o r t o n , D . R . ; G o l d s t e i n , A . H . ; F a r m e r , D . K . ; D o c h e r t y , K . S . ; J im e n e z , J . L . ; O i lm a n ,
J . B . ; K u s t e r , W . C ; d e G o u w , J ; W i l l i a m s , B . J . ; K r e i s b e r g , N . M . ; H e r i n g , S . V . ; B e n c h ,
G ; M c K a y , M . ; K r i s t e n s e n , K . ; G l a s i u s , M . ; Su r r a t t , J . D . ; S e i n fe l d , J . H . O r i g i n s a n d
c o m p o s i t i o n o f f i n e a t m o s p h e r i c c a r b o n a c e o u s a e r o s o l i n t h e Si e r r a N e v a d a M o u n t a i n s ,
C a l i f o r n i a ^ / OT o ^ C h e m P hy s 2 0 1 1 . 1 1 , 1 0 2 1 9 - 1 0 2 4 1 .
X u e
,
J . ; L a u , A . K . H . ; Y u , J . Z . A s t u dy o f a c i d i t y o n P M 2 . 5 i n H o n g K o n g u s i n g o n l i n e
i o n i c c h e m i c a l c o m p o s i t i o n m e a s u r e m e n t s . A tm o s E n v i r o n . 2 0 1 1, 4 5 , 7 0 8 1- 7 0 8 8 .




Sz m i g i e l s k i , R . , V e r m e y l e n , R . , G o m e z - G o n z a l e z , Y , Su r r a t t , J . D . , C h a n ,
A . W . R .
,
Se i n f e l d
,
J . H .
,




a n d C l a e y s , M . M a s s s p e c t r o m e t r i c
c h a r a c t e r i z a t i o n o f i s o m e r i c t e r p e n o i c a c i d s f r o m th e o x i d a t i o n o f a - p i n e n e , (3- p in e n e , d -
l im o n e n e , a n d A
^
- c a r e n e i n fi n e fo r e s t a e r o s o l . J Ma s s Sp e c t r o m . 2 0 1 1 , 4 6, 4 2 5- 4 4 2 .










M o l i n a
,
L . T .
,
Sa l c e d o , D . , J im e n e z , J . L . , a n d M o l i n a , M .
J . : A m i s s i n g s i n k f o r g a s - p h a s e g l y o x a l i n M e x i c o C i t y : F o r m a t i o n o f s e c o n d a r y o r g a n i c
a e r o s o l , G e o p h y s . R e s L e t t . 2 0 0 7 , 3 4 , L I 9 8 0 7 , d o i : 10 . 1 0 2 9 / 2 0 0 7 g l 0 3 0 7 5 2 .
Z h a n g , S . H . , Sh a w , M , Se i n f e l d , J H . , F l a g a n , R C , P h o t o c h e m i c a l a e r o s o l f o r m a t i o n
f r o m a - p i n e n e a n d b - p i n e n e . J . G e o p hy s R e s 19 92 . 9 7 , 2 0 7 17- 2 0 72 9 .
Z h a n g , H . , S u r r a t t , J . D , L i n , Y . H . , B a p a t , J . , K a m e n s , R . M . E f f e c t o f r e l a t i v e h u m i d i t y
o n S O A f o rm a t i o n f r o m i s o p r e n e /N O p h o t o o x i d a t i o n : e n h a n c e m e n t o f 2 - m e th y l g l y c e r i c
a c i d a n d i t s c o r r e s p o n d i n g o l i g o e s t e r s u n d e r d r y c o n d i t i o n s . A t m o s C h e m P hy s 2 0 1 1 . 1 3,
64 1 1 - 64 2 4 .
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A v e r a g e N O ^ (p pm )
F i g u r e A - 8 . C o r r e l a t i o n b e tw e e n m / z 2 1 5 a bu n d a n c e a n d a v e r a g e N O x a t t w o a i r -
m o n i t o r i n g s i t e s .
T a b l e A - 1 . B V O C m i x i n g r a t i o s
A v e r a g e N i gh t t im e N i g h t t im e
D a t e I s o p r e n e L im o n e n e a - p i n e n e
(p p t v ) (p p t v ) (p p t v )
5 /2 3/ 10 10 . 8 2 1 . 5 3 6 . 4
5 /2 4 / 10 3 7 . 4 7 6 . 4 1 13 . 5
5 /2 5 / 1 0 5 6 . 4 2 2 . 0 4 0
.
0
5 /2 6 / 1 0 4 2
. 6 1 3 . 8 2 1. 6
5 5
A v e r a g e N i g h t t i m e N i g h t t i m e
D a t e I s o p r e n e L im o n e n e a - p i n e n e
(p p t v ) (p p t v ) (p p t v )
5/ 2 7 / 1 0 2 9 . 7 13 . 1 8 . 5
5 / 2 8/ 10 17 . 9 4 2 . 5 18 . 3
5 / 2 9 / 10 4 7 . 1 2 9 . 7 1 5 . 7
5 / 3 0 / 1 0 13 6 . 0 2 7 . 2 2 5 . 1
5 / 3 1 / 10 86 . 8 5 0 . 1 6 7 . 0
6/ 1/ 10 4 3 . 2 12 8 . 8 8 6 . 4
6/ 2 / 10 6 5 . 4 2 9 . 0 5 3 . 5
6/ 3 / 10 10 8 . 5 6 5 . 9
6 / 4 / 10
6/ 5 / 10 1 53 . 6 5 . 1 8 . 2
6 /6 / 10 1 7 5 . 5 19 9 . 7 2 0 3 . 4
6/ 7 / 10 1 14 . 5 7 4 . 5 1 18 . 4
6/ 8 / 1 0 6 4 . 9 6 7 . 6 3 7 . 3
6 /9 / 10 7 3 0 5 0 . 1 7 0 . 4
6/ 10 / 10 3 7 . 9 12 . 9 7 . 6
6/ 1 1/ 1 0 5 1 . 4 3 6 . 4 2 6 . 7
6/ 1 2 / 10 6 3 . 5 2 7 . 8 2 5 . 2
6/ 13 / 10 1 14 . 8 4 8 . 2 7 8 . 9
6/ 14 / 10 15 3 . 5 7 1. 0 7 0 . 4
6/ 15 / 10 17 8 . 7 9 8 . 3 104 . 8
6/ 16 / 10 5 7 . 9 4 5 . 2 2 8 . 1
6/ 17 / 10 12 1 . 6 7 3 6 3 5 . 1
6 / 18 / 10 1 13 . 9 17 2 . 7 34 4 . 6
6 / 19/ 10 8 5 . 9 4 0 . 0 7 8 . 8
6/ 2 0 / 10 6 1 . 3 3 4 . 3 2 0 . 2
6 / 2 1/ 10 1 18 . 7 6 2 . 1 9 6 . 1
6 / 2 2 / 10 17 2 . 5 7 0 . 0 5 5 . 6
6 / 2 3 / 10 2 0 5 . 4 10 9 . 1 5 8 . 4
6 / 24 / 10 1 16 . 2 32 . 3 2 8 . 3
6 / 2 5/ 10 8 3 . 6 8 5 1 14 3 . 5
6 / 2 6 / 10 12 8 . 6 6 8 . 8 3 4 . 7
T a b l e A - 2 . 2 4 - h o u r a v e r a g e d a i l y A M S c o n c e n t r a t i o n s
„
^
A M S n i t r a t e A M S o r g a n i c A M S s u l f a t e
^ ^ ^
U a t e , , _ 3 . / / 3 x / / 3 x a m m o n i u m( i^ g/ m O ( i^ g / m ) ( ^ g / m O
(^ g / m
^
)
5/ 14 / 10 1 . 0 0 5 . 8 8 0 . 7 8 0 . 74
5/ 15 / 10 0 . 9 4 6 . 3 2 0 . 9 0 0 . 7 8
5 6
A M S
^ A M S n i t r a t e A M S o r g a n i c A M S s u l f a t e
D a t e
/ / 3 x r I % ( ^ / ^ 3 x a m m o n i u m
(Hg /m O (^ g /m ) (Hg /m ) ( i^ g / m
^
)
5 / 16 / 1 0 0 . 6 0 4 . 9 3 0 . 9 4 0 . 6 8
5 / 1 7/ 10 0 J 9 2 ^6 8 0 5 4 0 . 5 2
5 / 1 8/ 10 L 84 4 . 2 8 0 . 5 6 0 . 8 5
5 / 1 9 / 1 0 2 ^ 0 4 3 6 0 8^ 4 1. 0 7
5 /2 0 / 1 0 L 2 9 2 . 9 6 0 . 6 7 0 . 7 0
5 /2 2 / 10 0 3 1 L OT 0 . 3 5 0 . 2 4
5 /2 3 / 10 0 3 0 13 6 0 3 8 0 . 2 6
5 /2 4 / 10 0 6 8 2 2 9 0 3 2 0 3 5
5 /2 5/ 10 0 6 4 2 3 2 0 3 0 0 . 34
5 /2 6 / 10 O 0 8 0 9 3 0 3 5 0 18
5 /2 7 / 10 O 0 9 1 . 1 2 0 . 5 2 0 . 2 7
5 /2 8 / 10 0 6 6 L 4 4 0 6 2 0 5 1
5 /2 9 / 10 0 . 4 4 3
^
8 0 0 4 6 0 3 5
5 /3 0 / 10 0 86 5 3 9 O 8 0 0 . 6 8
5 /3 1 / 10 0 5 7 3^ 8 6 0 6 5 0 . 5 0
6/ 1/ 10 0 2 9 1 3 1 O 4 0 0 2 7
6 /2 / 10 0 4 6 2 J 4 0 6 5 0 . 4 5
6 /3 / 10 0 3 8 2
^
7 5 0 5 3 0 3 5
6 / 4 / 10 O 2 0 2 ^8 8 0 7 9 0 . 4 0
6 / 5 / 10 0 5 6 4
^
6 9 L 0 8 0 . 64
6/ 6 / 10 0 6 1 4 3 9 O 9 0 0 5 9
6/ 7 / 10 0 2 4 3^ 4 1 0 6 8 0 . 3 7
6/ 8 / 10 0 6 9 4
^
0 5 0 7 4 0 . 57
6/ 9 / 10 0 J 5 2
^
0 4 0 5 3 0 . 2 8
6 / 10 / 10 0 2 7 L 4 2 0 4 5 0 . 2 8
6/ 1 1/ 10 O 4 0 3 3 0 0 4 8 0 . 3 3
6/ 12/ 10 0 3 0 3 2 1 0 5 3 0 3 3
6/ 13 / 10 0 . 19 3 . 4 8 0 4 3 0 . 2 6
6 / 14 / 10 0 2 5 4 3 3 0 4 3 0 . 3 0
6 / 15 / 10 0 2 6 3
^
0 0 0 3 3 0 . 2 4
6 / 16/ 10 0 17 2
^
5 0 0 4 7 0 . 2 8
6 / 17/ 10 0 5 5 3
^
9 5 0 4 9 0 . 4 3
6/ 18/ 10 L 0 3 3 . 9 1 0 . 4 3 0 . 5 6
6 / 19 / 10 O 2 0 L 8 8 0 4 3 0 . 2 8
6 /2 0 / 10 0 4 9 2 J 5 0 6 4 0 . 4 9
6 /2 1/ 10 0 7 7 3
^
6 9 0 6 8 0 6 0
6 /2 2 / 10 0 . 4 8 4 . 4 6 0 . 8 0 0 . 5 5
6/ 2 3 / 10 0 7 1
~





A M S n i t r a t e A M S o r g a n i c A M S s u l f a t eD a t e
/ / 3 x / / 3 x / / 3 x a m m o n i u m
(H g / m ) (^ g / m ) (^ g /m ) (i^ gW )
6/ 2 4 / 10 0 . 4 3 3 . 4 2 0 . 6 5 0 . 4 4
6/ 2 5 / 10 0 4 1 3^ 0 5 0 ^6 9 0 . 4 5
6/ 2 6 / 10 0
^
5 9 4 2 5 0 ^ 8 8 0 . 6 2
T a b l e A - 3 . A v e r a g e d a i l y p a r t i c l e - p h a s e s t r o n g a c i d i t y
D a t e [H
^
] s (n M )
5 / 19 / 10 - 0 . 0 0 8
5/ 2 0 / 10 - 0 . 0 0 4
5/ 2 1/ 10 - 0 . 0 0 3
5/ 2 2 / 10 - 0 . 0 0 1
5/ 2 3 / 10 - 0 . 0 0 2
5/ 2 4 / 10 - 0 . 0 02
5/ 2 5 / 10 - 0 . 0 0 2
5 / 2 6 / 10 - 0 . 0 02
5 / 2 7 / 1 0 - 0 . 0 0 3
5/ 2 8 / 10 - 0 0 0 5
5/ 2 9/ 10 - 0 . 0 0 3
5/ 3 0 / 10 - 0 . 0 07
5 / 3 1/ 10 - 0 . 0 0 5
6 / 1/ 1 0 - 0 . 0 0 2
6 / 2 / 10 - 0 . 0 0 4
6 / 3/ 10 - 0 . 0 0 2
6 /4 / 10 - 0 . 0 0 3
6 / 5/ 10 - 0 . 0 0 4
6 /6 / 10 - 0 . 0 0 4
6 / 7 / 10 - 0 0 0 3
6 / 8 / 1 0 - 0 . 0 0 5
6/ 9 / 1 0 - 0 . 0 0 2
6/ 10 / 10 - 0 . 0 0 2
6/ 1 1 / 10 - 0 . 0 0 2
6 / 12/ 10 - 0 . 0 0 3
6 / 13 / 1 0 - 0 . 0 0 3
6 / 14 / 1 0 - 0 . 0 0 4
6 / 15/ 10 - 0 . 0 0 2
6 / 1 6/ 10 - 0 . 0 0 3
6/ 17 / 10 - 0 . 0 0 5
5 8
D a t e [H
"
] , (n M )
6 / 18 / 10 - 0 . 0 0 5
6 / 19 / 10 - 0 . 0 0 3
6/ 2 0 / 1 0 - 0 . 0 0 6
6/ 2 1 / 1 0 - 0 0 0 7
6/ 2 2 / 10 - 0 . 0 0 6
6/ 2 3 / 10 - 0 . 0 0 9
6 / 2 4 / 10 - 0 . 0 04
6/ 2 5 / 1 0 - 0 . 0 0 4
6/ 2 6 / 10 - 0 . 0 0 7
T a b l e A - 4 . N i gh t t im e H N O 3 c o n c e n t r a t i o n s (9 p m - 6 a m )
D a t e
H N O 3
(PP t v )
5/ 2 4 / 1 0 4 7 . 4
5 / 2 7 / 1 0 4 1. 2
5/ 2 8 / 10 4 5 . 0
5 / 2 9 / 1 0 92 . 7
5/ 3 0 / 10 16 1 . 5
5 / 3 1/ 10 1 1 1. 0
6/ 1 / 1 0 18 3 . 8
6/ 2 / 10 12 5 . 2
6 / 3/ 10 15 3 . 4
6/ 4/ 10 10 1. 9
6 / 5/ 10 10 4 . 7
6/ 6/ 10 13 5 3
6 / 7 / 1 0 2 7 6 . 7
6 / 8 / 10 13 1 . 7
6 /9 / 10 8 6 . 0
6 / 10 / 10 6 4 . 4
6 / 1 1/ 1 0 9 5 . 4
6 / 1 2 / 10 10 2 . 8
6 / 13 / 1 0 13 2 . 8
6/ 15 / 10 10 3 . 7
6/ 16 / 1 0 94 . 3
6/ 17 / 10 11 7 . 8
6 / 18/ 1 0 96 . 1
6/ 19 / 10 8 1 . 5
6 / 2 0 / 10 8 1 . 4
5 9
D a t e
H N O 3
(P P t v )
6 / 2 1/ 10 1 1 9 . 0
6 / 2 2 / 10 16 8 . 4
6 / 2 3 / 1 0 1 9 6 . 5
6 / 2 4 / 1 0 1 50 . 3
6 / 2 5/ 10 16 7 . 1
6 / 2 6/ 10 2 10 . 6
T a b l e A - 5 . A v e r a g e d a i l y W SO C c o n c e n t r a t i o n s
D a t e
WSO C
(H g / m 3)
5 / 19/ 10 2 . 0 2 2 2
5 / 2 0/ 10 2 . 0 6 4 6
5 / 24 / 10 1 . 5 2 7 2
5 /2 6/ 10 0 . 9 4 0 4
5 /2 9 / 1 0 4 . 5 7 4 7
5 / 3 0 / 10 4 . 1 15 1
5 /3 1 / 10 3 . 3 0 2 0
6 / 1 / 10 2 0 3 9 9
6/ 2 / 10 2 . 9 8 3 8
6 /3 / 10 2 . 7 7 17
6 /4 / 10 2 . 3 9 6 9
6 /5 / 1 0 3 . 3 0 2 0
6/ 6 / 10 3 . 4 4 3 4
6/ 7 / 10 3 . 6 9 0 8
6/ 8 / 10 6 . 3 7 7 7
6/ 9/ 10 4 . 5 0 4 0
6 / 1 1/ 10 2 . 8 0 7 0
6 / 12/ 10 2 . 87 0 7
6 / 13/ 10 3 . 12 5 2
6 / 14/ 10 4 . 0 7 9 7
6 / 15 / 10 3 . 12 52
6 / 16 / 10 3 . 5 84 8
6 / 17 / 10 4 . 1 85 8
6 / 18 / 10 4 . 7 1 6 1
6 /2 0/ 10 4 . 3 6 2 6
6/ 2 1 / 10 4
. 5 0 4 0
6/ 2 2 / 10 6 . 0 94 8
6/ 2 3 / 10 5 . 8 82 7
6/ 2 4/ 10 4 . 50 4 0
6 0
D a t e
WS O C
(^ g / m 3)
6/ 2 5 / 10 5 . 3 17 1
6/ 2 6 / 10 5 . 84 74
T a b l e A - 6 . A v e r a g e d a i l y f r a c t i o n o f c a r b o n a t t r i b u t a b l e t o m o d e m s o u r c e s
^
^ f M o d e r n
D a t e
5/ 1 9/ 1 0 0 . 4 6 1
5 /2 0 / 10 0 . 5 0 3
5/ 2 2 / 10 0 . 5 2 8
5 / 2 4 / 1 0 0 . 4 9 5
5 / 2 5 / 10 0 . 4 12
5 / 2 6 / 10 0 . 3 7 8
5/ 2 7 / 10 0 . 4 0 3
5 / 2 8/ 10 0 . 4 6 2
5/ 2 9 / 10 0 . 5 3 7
5/ 3 0 / 10 0 . 5 4 9
5/ 3 1/ 10 0 . 5 14
6/ 1 / 1 0 0 . 5 0 9
6 /2 / 10 0 5 9 6
6/ 3 / 1 0 0 . 4 6 1
6 / 4 / 1 0 0 . 4 8 8
6/ 5 / 10 0 4 0 9
6/ 6/ 10 0 . 4 4 3
6/ 7 / 1 0 0 . 5 74
6/ 8 / 10 0 . 4 52
6/ 9/ 10 0 50 7
6 / 10 / 10 0 . 6 52
6 / 1 1 / 1 0 0 . 4 86
6 / 12 / 10 0 . 6 4 3
6 / 13 / 10 0 . 7 13
6 / 14/ 10 0 . 4 8 5
6 / 15 / 10 0 5 8 5
6 / 1 6/ 10 0
. 5 4 9
6 / 17 / 10 0 6 6 9
6 / 1 8 / 1 0 0 . 6 1 7
6 / 19 / 10 0 . 6 3 6
6/ 2 0 / 10 0 . 6 5 9
6 / 2 1 / 1 0 0 . 54 4
6/ 2 2 / 10 0
. 6 7 9
6 1
S a m p l e r , , ,
D a t e
6 / 2 3/ 10 0 . 5 8 0
6 / 2 4 / 1 0 0 . 5 4 8
6 /2 5 / 10 0 . 6 0 7
6 / 2 6/ 10 0 . 6 0 3
T a b l e A - 7 . B a k e r s f i e l d O 3 c o n c e n t r a t i o n s
D a t e
O 3 (p p b )
A v e r a g e M a x im u m
5 / 1 9/ 10 3 3 . 4 6 3 . 8
5 /2 0 / 1 0 3 5 . 5 6 1 . 2
5/ 2 1/ 10 3 2 . 6 5 9 9
5 / 2 2 / 10 4 0 . 3 52 . 7
5 / 2 3 / 10 3 4 . 6 4 6 . 0
5 / 2 4 / 1 0 3 2 . 1 5 2 . 5
5 /2 5 / 10 3 7 . 4 5 9 . 7
5/ 2 6 / 1 0 4 3 . 1 5 5 . 7
5 / 2 7/ 10 4 1 . 6 5 1 . 0
5 /2 8/ 10 3 7 . 9 5 2 . 7
5 /2 9 / 10 3 7 . 4 6 3 . 0
5 / 3 0 / 10 5 2 . 8 7 7 . 7
5 / 3 1/ 10 4 8 7 7 6 . 9
6 / 1/ 1 0 2 9 . 6 53 0
6 /2 / 10 3 5 . 0 5 8 . 4
6/ 3 / 10 2 7 . 7 4 7 . 4
6/ 4 / 1 0 3 2 . 3 5 1 6
6 /5 / 10 2 7 . 6 5 3 . 6
6 /6 / 10 2 6 . 4 4 5 . 0
6/ 7 / 1 0 4 3 . 4 6 5 . 2
6/ 8 / 1 0 4 6 . 6 7 6 . 3
6 /9 / 10 3 2 . 1 4 5 . 8
6 / 1 0 / 1 0 3 9 . 8 5 6 . 5
6 / 1 1 / 1 0 3 5 . 5 5 8 . 7
6/ 12 / 10 4 0 . 7 6 7 . 9
6 / 13/ 10 4 2 . 5 6 4 0
6 / 14/ 10 4 4 . 6 7 0 . 8
6 / 15/ 10 4 1 . 3 6 5 . 8
6 / 16/ 10 3 9 . 7 6 1 5
6/ 17/ 1 0 4 1 . 4 7 4 . 4
6 / 1 8 / 10 3 8 8 6 9 1
6 2
D a , e
° ' <» ^ >
A v e r a g e M a x i m u m
6 / 19 / 1 0 3 7 . 6 5 9 . 4
6/ 2 0/ 1 0 3 8 . 1 6 1 . 0
6 /2 1/ 10 3 7 . 4 6 8 . 8
6/ 2 2 / 10 4 3 . 2 7 7 . 4
6 /2 3/ 10 5 3 . 5 9 1 . 6
6 / 24 / 10 3 7 . 9 72 . 1
6 / 2 5 / 10 3 7 . 2 6 6 . 7
6 /2 6/ 1 0 4 0 . 5 7 1 . 5
6 3
T a b l e A - 8 . B a k e r s fi e l d m e t e o r o l o g i c a l d a t a
T e m p e r a t u r e
(
° C )
R e l a t i v e
H u m i d i t y (% )
W i n d Sp e e d
(m / s )
D a t e A v g M a x A v g M a x A v g M a x
W i n d
D i r e c t i o n
n
A v g
S o l a r R a d i a t i o n
(ix m o l
p h o t o n /m
^
/ s e c )
A v g M a x
B a r o m e t r i c
Pr e s s u r e (m b a r )
A v g M a x
5 / 19/ 10 2 0 . 6 2 7 . 0 5 2 . 6 8 6 . 3 2 . 7 5 . 8 2 5 7 . 0 6 6 4 . 3 19 7 6 . 4
5 / 2 0/ 10 19 . 0 2 3 . 4 5 2 . 0 7 3 . 7 2 . 9 4 . 6 2 8 3 . 7 4 9 1 . 7 2 00 5 . 5
5 / 2 1/ 10 18 1 2 3 . 9 3 7 . 8 7 3 . 0 4 0 7 . 7 2 6 4 . 8 6 7 9 . 4 2 0 10 . 2
5 /2 2 / 10 14 . 3 18 . 1 3 9 . 7 5 9 . 3 4 . 8 8 . 6 3 19 . 6 6 2 9 . 2 2 03 9 . 5
5 /2 3 / 10 12 . 6 18 . 1 5 2 . 8 7 7 . 0 2 5 7 . 0 2 0 3 . 9 4 2 0 . 8 18 8 1 . 3
5 /2 4 / 10 15 . 9 2 1 . 8 3 7 . 7 6 6 . 7 2 . 2 4 . 3 2 4 0 . 6 6 7 9 . 2 19 94 . 0
5 /2 5 / 10 17 . 9 2 5 . 9 4 0 6 6 5 . 6 2 . 8 7 . 7 2 4 9 . 3 6 3 3 . 1 2 0 0 7 . 9
O N
4 ^
5 /2 6/ 10 19 . 1 2 3 . 6 4 6 . 8 6 7 . 2 3 . 5 6 . 5 2 9 7 8 5 7 3 . 2 2 0 15 . 4
5 /2 7 / 10 18 . 1 2 3 . 4 4 7 . 3 6 5 . 4 3 9 7 . 5 2 9 8 . 8 5 5 7 . 2 2 0 16 9
5 /2 8/ 10 16 . 9 2 1 . 4 4 5 . 7 7 1. 5 3 . 8 6 2 3 0 8 1 5 6 0 . 9 2 0 7 9 . 7
5 /2 9 / 10 19 . 4 2 7 . 9 4 0 . 4 6 9 . 3 1. 9 4 1 2 0 0 9 7 04 . 5 2 0 2 0 2
5 /3 0 / 10 2 4 . 2 3 3 . 2 3 2 7 5 6 . 1 2 . 0 4 . 2 2 0 6 . 2 6 9 8 . 6 2 0 0 2 . 5
5/ 3 1/ 10 2 5 . 8 3 3 . 5 3 0 . 1 6 0 . 3 2 . 5 5 . 0 2 4 2 . 8 6 9 8 . 5 2 0 12 . 1
6/ 1/ 10 2 3 . 8 2 9 . 0 44 . 5 7 1 3 3 . 0 5 . 2 2 9 2 . 4 6 6 1 . 0 19 9 5 . 5
6/ 2 / 1 0 2 4 . 2 3 0 . 4 4 3 . 4 7 1. 6 2 . 2 4 . 1 2 4 7 . 6 6 7 1 0 19 9 8 . 9 10 0 0 . 5 10 0 2 . 8
6/ 3/ 10 2 6 . 7 3 2 . 7 4 5 . 0 7 9 . 8 2 . 9 5 . 4 2 72 . 1 6 8 5 . 9 2 0 2 5 . 5 9 9 8 . 9 10 0 1. 4
6 /4 / 10 2 7 . 3 3 2 . 5 4 2 . 6 6 8 . 2 2 . 9 5 . 4 2 9 1 0 6 8 9 . 3 2 0 0 7 . 2 10 0 0 . 0 10 0 2 . 1
6/ 5/ 10 2 7 . 7 3 4 . 0 4 6 . 2 7 3 . 3 1. 7 3 3 2 2 1. 3 6 8 8 . 1 2 0 10 . 6 10 0 0 . 7 10 0 3 . 1
6/ 6/ 10 2 8 . 5 3 4 4 4 4 . 3 7 8 . 2 1. 9 3 . 5 2 5 3 . 7 6 9 6 . 8 2 02 1 . 9 10 0 0 . 3 1 0 0 2 . 7
6 / 7 / 10 2 8 . 4 3 3 . 6 3 4 . 4 6 3 . 3 2 . 9 4 . 9 2 9 7 . 9 6 9 0 . 9 2 0 00 . 8 9 9 8 . 5 10 0 1 . 2
6 / 8/ 10 2 7 . 1 3 3 . 6 3 4 . 5 6 8 . 0 2 . 9 5 . 7 2 5 6 . 1 6 8 7 . 9 2 0 0 0 . 4 9 9 8 7 1 0 0 0 . 5
6 / 9 / 1 0 2 4 9 3 0 . 1 3 4 . 3 4 6 . 2 3 . 6 7 . 0 2 9 0 . 1 6 8 3 . 1 2 0 09 . 9 10 0 0 7 10 03 . 7
T e m p e r a t u r e
(
° C )
R e l a t i v e
H u m i d i t y (% )
W i n d Sp e e d
(m / s )
D a t e A v g M a x A v g M a x A v g M a x
W i n d




S o l a r R a d i a t i o n
(|am o l
p h o t o n / m
^ / s e c )
A v g M a x
B a r o m e t r i c
Pr e s s u r e (m b a r )
A v g M a x
6 / 10 / 10 2 0 6 2 4 . 7 4 0 . 8 6 1 5 3 . 9 6 . 2 3 0 7 . 0 6 3 3 . 2 19 8 1 . 5 10 0 0 . 3 10 0 3 . 6
6 / 1 1/ 10 2 1 . 8 2 7 . 2 3 7 . 7 6 6 . 2 2 . 8 4 . 8 2 4 2 . 6 6 8 9 . 5 19 9 5 . 5 9 9 7 . 2 9 9 9 . 0
6 / 12 / 10 2 5 . 1 3 2 . 3 3 0 . 2 5 3 . 8 2 . 4 4 . 5 2 0 1 . 5
6 / 13 / 10 2 7 . 9 3 4 . 9 2 3 . 8
" '
4 3 6 2 . 4 5 . 0 2 10 . 7
6 9 3 . 3 19 9 9 . 1 9 9 7 . 0 10 0 0 . 1
6 9 7 . 4 2 0 13 . 1 10 0 0 . 3 10 0 2 . 2
6 / 14 / 10 2 9 . 6 3 7 . 2 2 2 . 1 4 9 6 2 . 3 4 . 5 2 3 1 . 5 6 9 5 . 0 2 00 3 . 1 9 9 8 . 3 10 0 1. 3
6 / 15 / 10 2 8 . 0 3 5 . 4 2 2 . 7 4 7 . 7 2 . 8 6 . 6 24 8 . 7 6 9 2 . 8 2 0 02 . 5 9 94 . 2 9 9 6 . 0
6 / 1 6 / 1 0 2 3 . 7 2 8 . 9 2 7 5 3 9 . 7 2 . 7 4 . 5 2 8 5 . 5 6 9 4 . 2 19 9 7 . 3 9 9 7 . 8 9 9 9 . 4
6/ 17 / 10 2 4 . 3 3 1. 8 2 7 . 3 6 3 . 8 1. 7 3 . 7 2 14 . 4 6 9 3 . 3 1 9 9 0 . 5 9 9 8 . 2 10 0 0 . 7
0 ^
6/ 18 / 10 2 4 . 4 3 2 . 9 2 6 . 4 5 3 . 6 2 . 7 5 . 8 2 4 2 . 6 6 9 1 . 7 2 0 0 7 . 4 9 9 7 . 2 10 00 . 4
6/ 19 / 10 2 2 . 6 2 9 . 1 3 4 . 4 6 6 . 1 2 . 2 4 . 0 2 7 6 . 6 6 8 8 . 1 1 9 9 1 . 0 10 0 1 . 7 10 0 3 . 5
6/ 2 0 / 10 2 2 . 5 2 9 . 3 3 7 . 7 7 3 . 2 2 . 2 4 . 5 2 5 5 . 8 6 94 . 1 19 9 7 . 5 10 0 0 . 6 10 0 3 . 4
6/ 2 1 / 10 2 3 . 7 3 1 . 1 3 5 . 4 6 5 . 5 2 . 0 4 . 6 2 19 . 3 6 8 9 . 8 19 9 3 . 8 9 9 8 . 8 10 0 0 2
6/ 2 2 / 10 2 6 . 2 3 3 . 7 3 0 . 0 4 7 . 5 1 . 6 3 . 9 19 8 . 9 6 2 2 . 9 18 9 4 1 9 9 9 . 7 10 0 2 . 1
6 / 2 3/ 10 2 8 . 4 3 6 . 1 3 2 . 1 6 7 . 9 2 . 3 4 . 0 2 3 5 . 6 6 8 1 . 6 19 7 6 . 9 9 9 8 . 1 10 0 0 3
6 / 2 4 / 10 2 8 . 3 3 4 . 8 2 8 . 8 5 6 8 2 . 5 4 . 7 2 5 8 . 5 6 84 . 5 2 0 18 5 9 9 7 . 8 9 9 9 . 6
6 / 2 5 / 10 2 6 . 9 3 2 . 2 3 4 . 7 6 0 8 2 . 7 4 . 5 2 8 1 . 3 6 84 . 7 19 7 9 . 2 9 9 7 . 0 9 9 8 . 8
6 / 2 6 / 10 2 6 . 7 3 2 . 4 4 1 . 1 6 8 . 6 1 9 3 . 8 2 4 5 . 5 6 8 4 . 1 1 9 8 7 . 3 9 9 7 . 1 9 9 9 . 5
T a b l e A - 9 . Sh a ft e r - W a l k e r S t . a i r m o n i t o r i n g s t a t i o n d a t a
T e m p e r a t u r e (
° C ) O z o n e (p p m ) N O x (p p m ) R e l a t i v e
D a t e H u m i d i t y
A v g M a x A v g M a x A v g M a x ^o/ \
5 / 1 9/ 10 19 . 6 2 7 0 . 0 3 8 0 . 0 6 5 0 0 10 0 . 0 3 8 8 7
5 / 2 0 / 1 0 1 8 . 4 2 3 0 . 0 4 2 0 . 0 64 0 . 0 0 9 0 . 0 15 8 1
5/ 2 1/ 10 18 0 . 04 0 0 . 0 5 9 0 . 0 12 0 . 0 6 3 7 3
5 / 2 2 / 1 0 1 3 . 5 1 8 0 . 0 4 0 0 . 0 5 2 0 0 0 6 0 . 0 0 9 7 4
5/2 3/ 10 13 . 3 2 1 0 . 0 3 5 0 . 0 4 6 0 . 0 1 0 0 . 0 4 5 6 6
5/ 24 / 10 1 5 . 3 2 4 0 . 0 3 6 0 0 52 0 . 0 0 9 0 . 0 14 7 6
5 / 2 5/ 10 17 2 3 0 . 0 3 5 0 . 0 6 0 0 . 0 12 0 . 0 3 7 7 1
5/ 2 6 / 10 1 7 . 9 16 0 . 0 4 2 0 . 0 5 3 0 . 0 15 6 5
5/ 2 7 / 1 0 2 3 0 . 04 0 0 . 0 5 0 0 . 0 0 7 0 . 0 17 7 2
5 / 2 8 / 1 0 0 . 04 1 0 . 0 5 4 0 0 0 8 0 . 0 2 0 7 6
5 / 2 9 / 10 0 . 0 3 9 0 . 0 6 6 0 . 0 13 0 . 0 3 3 9 4
5/ 3 0/ 10 0 . 04 5 0 . 0 8 3 0 . 0 15 0 . 0 4 4 8 2
5/ 3 1/ 10 2 8 0 . 04 1 0 . 0 7 0 0 0 13 0 . 0 3 5 6 7
6 / 1/ 10 2 2 . 2 2 9 0 . 0 3 1 0 . 04 6 0 . 0 0 9 0 . 0 19 7 2
6 / 2 / 10 2 2 . 8 3 1 0 . 0 3 4 0 . 0 5 3 0 . 0 13 0 . 0 3 5 7 0
6 / 3 / 1 0 2 4 . 8 3 1 0 . 0 3 0 0 . 04 3 0 . 0 0 9 0 0 2 0 7 5
6 / 4/ 10 2 5 . 2 3 3 0 . 0 3 1 0 . 0 5 1 0 . 0 10 0 . 0 2 2 9 0
6 / 5 / 10 2 6 . 5 3 4 0 . 0 5 3 0 . 0 1 1 0 . 0 2 5 9 3
6/ 6 / 10 2 7 . 4 3 2 0 . 04 6 0 . 0 0 8 0 . 0 14 9 5
6 / 7/ 1 0 2 5 . 9 3 2 0 . 04 2 0 . 0 6 8 0 . 0 1 1 0 . 0 2 7 8 8
6 / 8 / 10 2 5 . 4 2 9 0 . 04 5 0 . 0 6 8 0 . 0 13 0 . 0 7 0 8 6
6 / 9 / 10 2 3 . 1 2 4 0
. 0 32 0 . 04 5 0 . 0 0 9 0 . 0 2 7 8 1
6 / 10/ 10 19 2 6 0 . 0 4 0 0 . 0 5 5 0 . 0 0 7 0 . 0 14 8 1
6 / 1 1/ 10 2 0 . 7 3 1 0 . 0 3 5 0 . 0 5 8 0 . 0 12 0 . 0 34 6 4
6 / 12 / 1 0 2 3 . 6 3 4 0 . 0 4 0 0 . 0 7 0 0 . 0 12 0 . 0 3 5 7 7
6 / 13/ 10 2 6 . 6 3 5 0 . 0 5 0 0 . 0 1 1 0 . 0 2 6 7 8
6 / 14 / 10 2 7 . 9 0 . 0 4 2 0 . 0 7 0 0 . 0 19 0 . 0 7 0 7 8
6 / 1 5 / 1 0 2 6 . 1 3 4 0 . 0 4 8 0 . 0 13 0 . 0 5 0 7 8
6 / 16 / 10 2 1 . 5 2 8 0 . 0 5 3 0 . 0 10 0 . 0 32 7 3
6 / 17 / 1 0 2 3 3 1 0 . 0 3 6 0 . 0 6 6 0 . 0 2 2 0 . 0 6 7 6 7
6/ 18 / 1 0 2 3 . 1 3 1 0
. 0 3 6 0 . 0 6 2 0 . 0 16 0 . 0 6 9 6 9
6/ 19 / 1 0 2 0 2 7 0 . 0 3 9 0 . 0 6 5 0 . 0 0 9 0 . 0 2 0 6 0
6 / 2 0 / 1 0 2 0 . 6 2 7 0
. 0 3 8 0 . 0 6 4 0 . 0 10 0 . 0 2 6 7 0
6 / 2 1 / 1 0 2 3 . 3 3 0 0 . 0 4 1 0 . 0 6 9 0 . 0 1 5 0 . 0 4 0 7 5
6/ 2 2/ 10 2 3 . 2 3 1 0 . 04 0 0 . 0 7 9 0 . 0 2 3 0 . 0 5 8 6 8
6 / 2 3/ 10 2 6 . 7 3 4 0 . 0 4 7 0 . 0 8 6 0 . 0 18 0 . 0 5 1




D a t e
T e m p e r a t u r e (
°
C ) O z o n e (p p m ) N O x (p p m )
A v g M a x A v g M a x A v g M a x
R e l a t i v e
H u m i d i t y
6/ 2 5 / 10 2 5 . 2 3 1 0 . 0 3 7 0 . 0 6 6 0 . 0 13 0 . 0 4 4
6 /2 6 / 1 0 2 6 32 0 . 0 4 1 0 . 0 7 5 0 . 0 12 0 . 0 5 1
T a b l e A - 1 0 . M a d e r a - P u m p Y a r d a i r m o n i t o r i n g d a t a
D a t e
T e m p e r a t u r e (
° C ) O z o n e (p p m ) N O x (p p m )
A v g M a x A v g M a x A v g M a x
R e l a t i v e
H u m i d i t y
5 / 19 / 10 18 . 7 2 6 0 . 0 5 6 0 . 0 0 5 0 . 0 0 9 9 0
5 /2 0 / 10 17 . 3 2 3 0 . 0 3 9 0 . 0 5 5 0 . 0 04 0 . 0 0 6 8 3
5/ 2 1/ 1 0 15 . 1 2 0 0 . 0 34 0 . 04 8 0 . 0 0 5 0 . 0 0 9 6 9
5 /2 2 / 10 12 4 18 0 . 0 3 7 0 . 04 8 0 . 0 0 3 0 . 0 0 9 8 3
5 /2 3 / 10 13 9 2 1 0 . 0 3 5 0 . 04 6 0 . 0 0 3 0 . 0 0 5 7 3
5 /2 4 / 10 14 . 9 2 0 0 . 0 3 8 0 . 0 5 1 0 . 0 0 3 0 . 0 0 5 7 6
5 /2 5/ 10 15 . 3 2 2 0 . 0 3 1 0 . 0 5 5 0 . 0 0 8 0 . 0 4 0 8 5
5 /2 6/ 10 16 . 7 2 3 0 . 0 3 6 0 . 0 5 4 0 . 0 0 4 0 . 0 0 9 8 6
5 /2 7 / 10 15 . 3 2 1 0 . 0 3 5 0 . 0 5 0 0 . 0 0 5 0 . 0 2 1 8 1
5 /2 8 / 1 0 14 . 7 2 0 0 0 3 6 0 . 04 9 0 . 0 0 5 0 . 0 19 8 5
5 /2 9 / 10 18 2 6 0 . 0 3 6 0 0 5 5 0 . 0 0 6 0 . 0 18 8 5
5 /3 0 / 10 2 1. 6 3 0 0 . 0 3 8 0 . 0 62 0 . 0 0 7 0 . 0 1 9 7 8
5 /3 1/ 10 2 2 . 5 3 0 0 . 0 3 3 0 . 0 6 0 0 . 0 0 6 0 . 0 1 9 8 6
6 / 1/ 10 2 0 . 6 2 6 0 . 0 3 2 0 . 0 5 1 0 . 0 04 0 . 0 0 6 7 6
6 / 2 / 1 0 2 1. 9 2 9 0 . 0 2 8 0 . 04 6 0 . 0 0 5 0 . 0 1 6 8 1
6/ 3 / 10 2 2 . 7 3 0 0 . 0 2 6 0 . 0 5 0 0 0 04 0 0 0 8 8 7
6 /4 / 10 2 4 . 8 3 1 0 . 0 2 8 0 . 04 4 0 . 0 0 3 0 . 0 0 6 8 5
6/ 5 / 10 2 5
.
9 32 0 . 02 9 0 . 0 4 8 0 . 0 0 3 0 . 0 0 5 92
6/ 6 / 10 2 5 . 8 3 3 0 . 0 3 0 0 . 0 5 1 0 . 0 0 3 0 . 0 0 7 9 1
6/ 7 / 1 0 2 3 . 4 3 0 0 . 0 3 8 0 . 0 6 2 0 . 0 0 4 0 . 0 0 7 9 2
6/ 8 / 1 0 2 2
. 7 3 1 0 . 04 0 0 . 0 6 7 0 . 0 0 5 0 . 0 0 8 8 5
6/ 9 / 10 2 0 . 7 2 8 0 . 0 3 0 0 . 0 5 1 0 . 0 0 4 0 . 0 0 5 8 7
6/ 10 / 10 1 8 2 4 0 . 0 3 5 0 . 0 5 1 0 . 0 0 3 0 . 0 0 5 86
6/ 1 1/ 10 2 0 . 6 2 8 0 . 0 3 1 0 . 0 4 7 0 . 0 0 4 0 . 0 0 9 8 1
6/ 12 / 10 2 2 . 8 3 1 0
.
0 34 0 . 0 54 0 . 0 0 6 0 . 0 1 9 9 0
6/ 13/ 10 2 5 . 6 3 4 0 . 0 3 9 0 0 5 8 0 . 0 0 7 0 . 0 2 3 8 2
6/ 14 / 1 0 2 6 . 8 3 5 0 0 4 6 0 . 0 7 4 0 . 0 0 8 0 0 4 3 85
6/ 15 / 1 0 2 3 . 3 3 1 0 . 0 4 3 0 . 0 6 8 0 . 0 0 5 0 . 0 12 8 2
6 / 16 / 1 0 19
. 6 2 8 0 . 0 3 3 0 . 0 5 2 0 . 0 0 5 0 . 0 1 1 7 4
6 / 17/ 10 2 0 9 3 0 0 . 0 3 3 0 . 0 5 5 0 . 0 0 8 0 . 0 17 8 0
6 / 18/ 10 2 0 . 5 2 8 0 . 0 3 4 0 . 0 5 4 0 . 0 0 5 0 . 0 13 7 5
6 / 19 / 10 17 . 9 2 6 0 . 0 3 5 0 . 0 5 3 0 . 0 0 3 0 . 0 0 5 7 8
6 7
D a t e
T e m p e r a t u r e (
°
C ) O z o n e (p p m ) N O x (p p m ) R e l a t i v e
A v g M a x A v g M a x A v g M a x H u m i d i t y (% )
6 /2 0/ 10 18 . 6 2 7 0 . 0 3 4 0 . 0 5 3 0 . 0 0 3 0 . 0 0 6 7 1
6 /2 1/ 10 2 1 . 8 2 9 0 . 0 3 5 0 . 0 5 8 0 . 0 0 5 0 . 0 10 7 7
6 /2 2 / 10 2 4 . 4 3 3 0 . 0 4 2 0 . 0 6 5 0 . 0 0 8 0 . 0 2 6 6 6
6 /2 3 / 1 0 2 5 . 7 3 4 0 . 0 4 1 0 . 0 7 1 0 . 0 1 0 0 . 0 3 9
6 /2 4 / 10 2 4 5 3 2 0 . 0 3 1 0 . 0 5 4 0 . 0 0 5 0 . 0 1 1
6 /2 5/ 10 2 2 . 4 2 9 0 . 0 3 1 0 . 0 4 9 0 0 0 5 0 . 0 0 7
6 /2 6/ 10 2 4 . 3 3 2 0 . 0 3 8 0 . 0 6 3 0 . 0 0 7 0 0 19
T a b l e A - 1 1 . A r v i n - B e a r M o u n t a i n B l v d . a i r m o n i t o r i n g d a t a
D a t e
T e m p e r a t u r e (
° C ) O z o n e (p pm ) N O x (p p m )
A v g M a x A v g M a x A v g M a x
5 / 19/ 10 2 0 . 3 2 6 0 . 0 4 2 0 . 0 7 1 0 . 0 1 0 0 0 12
5/ 2 0/ 10 17 . 6 2 2 0 . 04 0 0 . 0 6 1 0 . 0 1 1 0 . 0 15
5 /2 1/ 10 0 . 0 4 6 0 . 0 6 1 0 . 0 1 2 0 . 0 2 0
5 /2 2 / 10 13 . 5 17 0 . 0 4 3 0 . 0 54 0 . 0 0 9 0 . 0 1 1
5 / 2 3/ 10 1 1 . 8 17 0 . 04 0 0 . 04 8 0 0 0 8 0 0 1 1
5 /2 4 / 1 0 1 5 . 5 2 1 0 . 0 4 2 0 . 0 56 0 . 0 1 1 0 . 0 2 1
5 /2 5/ 10 17 . 8 2 5 0 . 0 4 5 0 . 0 6 7 0 . 0 1 0 0 . 0 2 7
5 / 2 6/ 10 1 8 . 8 2 3 0 . 0 4 7 0 . 0 6 1 0 . 0 0 9 0 0 13
5 /2 7 / 1 0 17 . 7 2 2 0 . 0 4 6 0 . 0 54 0 . 0 0 8 0 . 0 14
5 /2 8/ 10 1 5 6 2 0 0 . 0 4 2 0 . 0 5 5 0 . 0 1 0 0 . 0 16
5 /2 9 / 1 0 18 . 2 2 5 0 . 0 4 7 0 . 0 6 6 0 . 0 10 0 . 0 17
5 / 3 0/ 10 2 2 . 5 3 1 0 . 0 56 0 . 0 84 0 . 0 1 0 0 . 0 12
5 / 3 1/ 10 2 4 . 9 3 2 0 . 0 56 0 . 0 7 5 0 . 0 1 1 0 . 0 19
6 / 1 / 10 2 2 . 6 2 8 0 . 0 3 6 0 . 0 5 6 0 0 13 0 . 0 2 8
6 /2 / 1 0 2 2 . 9 2 8 0 . 0 4 5 0 0 6 7 0 . 0 1 2 0 0 18
6 /3 / 10 2 5 . 3 3 1 0 . 0 3 3 0 . 0 4 8 0 . 0 1 3 0 . 02 4
6/ 4 / 10 2 5 . 9 3 1 0 . 0 3 8 0 . 0 5 3 0 . 0 1 1 0 . 0 17
6/ 5 / 1 0 2 6 . 5 3 2 0 . 0 4 0 0 . 0 5 6 0 . 0 1 1 0 . 0 14
6/ 6 / 10 2 7 . 3 32 0 . 0 3 9 0 . 0 5 3 0 0 1 1 0 . 0 13
6/ 7 / 10 2 6 . 8 3 2 0 . 0 4 9 0 . 0 7 8 0 . 0 1 2 0 . 0 1 8
6/ 8 / 1 0 2 6 . 2 32 0 . 0 5 0 0 . 0 7 1 0 . 0 15 0 . 0 3 3
6 / 9 / 10 2 3 . 7 2 8 0 . 0 3 8 0 . 04 7 0 . 0 13 0 . 0 2 6
6/ 10/ 10 19 2 3 0 . 04 3 0 . 0 5 8 0 . 0 10 0 . 0 13
6/ 1 1/ 1 0 2 0 8 2 6 0 . 0 4 4 0 . 0 5 7 0 0 0 9 0 . 0 1 1
6 / 12 / 1 0 2 3 . 8 3 0 0 . 0 4 6 0 . 0 5 7 0 . 0 0 9 0 . 0 1 5
6 / 13 / 10 2 6 . 7 3 3 0 . 0 4 9 0 . 0 6 2 0 0 10 0 . 0 2 6
6 / 14 / 1 0 2 8 . 3 3 5 0 . 0 52 0 . 0 7 6 0 . 0 3 9
6 8
D a t e
T e m p e r a t u r e (
°
C ) O z o n e (p p m ) N O x (p p m )
A v g M a x A v g M a x A v g M a x
6 / 15 / 10 2 7 . 3 34 0 . 0 5 1 0 . 0 7 9 0 . 0 0 9 0 . 0 5 3
6 / 16 / 10 2 2 . 6 2 7 0 . 0 4 8 0 . 0 6 6 0 0 0 5 0 . 0 19
6/ 17 / 1 0 2 3 . 4 3 0 0 . 0 5 4 0 . 0 8 6 0 . 0 0 8 0 . 0 3 3
6 / 1 8/ 10 2 3 . 7 3 1 0 . 0 4 9 0 . 0 8 1 0 . 0 0 9 0 . 0 4 0
6 / 19 / 10 2 1 1 2 7 0 . 0 4 5 0 . 0 6 6 0 . 0 0 6 0 . 0 13
6/ 2 0 / 10 2 1 . 1 2 7 0 . 0 4 7 0 . 0 7 2 0 . 0 0 6 0 . 0 10
6/ 2 1/ 10 2 3 2 9 0 . 0 5 1 0 . 0 7 3 0 . 0 1 1 0 . 0 3 4
6 /2 2 / 10 2 3 . 5 3 1 0 . 0 5 8 0 . 0 8 5 0 . 0 12 0 . 0 2 8
6 /2 3/ 10 2 7 . 3 3 4 0 . 0 6 6 0 . 10 1 0 . 0 1 1 0 . 0 2 7
6/ 2 4 / 1 0 2 7 . 5 3 3 0 . 0 5 1 0 . 0 7 2 0 . 0 1 1 0 . 0 3 9
6 /2 5/ 10 2 6 . 3 3 2 0 . 0 4 5 0 . 0 7 7 0 . 0 12 0 . 0 2 6
6 /2 6/ 10 2 3 0 . 0 5 2 0 . 0 7 6 0 . 0 10 0 . 0 2 1
T a b l e A - 1 2 . D a i l y a b u n d a n c e o f i s o p r e n e - d e r i v e d o r g a n o s u l f a t e s
D a t e I m / z
P e a k A r e a / m Sa m p l i n g V o l u m e
19 9 2 11 2 13 2 1 5
5 / 1 9 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. O OE + 0 0
5/ 2 0 4 . 19E + 0 5 O. OOE + 0 0 O. OOE + 0 0 2 . 15E + 0 5
5/ 2 2 3 . 4 6E + 0 4 O. OOE + 0 0 O. OOE + 0 0 5 . 54 E + 0 4
5 / 2 3 5 . 2 1E + 0 4 O. OOE + 0 0 O. OOE + 0 0 1. 2 3 E + 0 5
5 /2 4 O . OOE + 0 0 2 . 5 2 E + 0 5 4 . 52 E + 0 4 4 . 5 5E + 0 5
5 / 2 5 O. OOE + 0 0 9 . 17 E + 0 4 8 . 5 6E + 0 4 3 . 0 8E + 0 5
5/ 2 6 2 . 2 8E + 0 5 8 . 5 0 E + 0 4 O. OOE + 0 0 2 . 0 8E + 0 5
5 /2 7 O. OOE + 0 0 O. OOE + 0 0 O OOE + 0 0 4 . 7 0 E + 0 5
5 /2 8 1 . 5 4 E + 0 5 3 . 15E + 0 5 8 . 3 4 E + 04 1 . 5 9 E + 0 5
5 /2 9 O. OOE + 0 0 5 . 5 8E + 0 5 9 . 3 0 E + 04 7 . 9 6 E + 0 5
5 / 3 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
5 /3 1 1 . 2 9 E + 0 6 4 . 83 E + 0 5 6 . 0 3 E + 0 5 3 . 2 0 E + 0 6
6 / 1 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
6 /2 1 . 0 9 E + 0 6 6 . 84 E + 0 4 1 . 2 6 E + 0 5 1 . 4 9 E + 0 6
6 /3 l . OOE + 0 6 7 . 9 2 E + 0 4 O. OOE + 0 0 5 . 6 2 E + 0 5
6 /4 6 . 4 8 E + 0 5 5 . 84 E + 0 5 O. OOE + 0 0 4
. 6 3 E + 0 5
6 /5 O. OOE + 0 0 O . OOE + 0 0 O. OOE + 0 0 7 . 5 4 E + 0 4
6 /6 O. OOE + 0 0 O. OOE + 0 0 O . OOE + 0 0 O. OOE + 0 0
6 / 7 O. OOE + 0 0 3 . 8 7 E + 0 5 3 . 6 1E + 0 5 1 . 14 E + 0 6
6/ 8 O. OOE + 0 0 6 . 6 0 E + 0 4 1. 8 3 E + 0 5 2 . 2 5 E + 0 6
6/ 9 O. OOE + 0 0 1. 6 9 E + 0 5 6 . 3 3 E + 0 4 O
. OOE + 0 0
6/ 10 5 . 3 8 E + 0 4 O. OOE + 0 0 O. OOE + 0 0 8 . 9 9E + 0 4
6 / 11 O. OOE + 0 0 1 . 4 4 E + 0 5 1 . 8 5E + 0 5 2 0 5E + 0 6
6 9
D a t e I m / z
Pe a k A r e a / m Sa m p l i n g V o l u m e
1 9 9 2 1 1 2 13 2 15
6 / 12 O. OOE + 0 0 4 . 0 2 E + 0 5 1 . 2 5 E + 0 5 8 . 9 9 E + 0 5
6 / 13 O. OOE + 0 0 O. OOE + 0 0 1 . 5 9 E + 0 5 7 . 4 4 E + 0 5
6 / 14 O. OOE + 0 0 1 . 9 3 E + 0 5 3 . 5 8E + 0 5 1 . 4 7 E + 0 6
6 / 1 5 O. OOE + 0 0 1 . 30 E + 0 5 1 . 17 E + 0 5 1 . 6 6 E + 0 6
6 / 16 1 . 7 7 E + 0 5 O. OOE + 0 0 1 . 5 3 E + 0 5 3 . 4 0 E + 0 6
6 / 17 O . OOE + 0 0 O . OOE + 0 0 O. OOE + 0 0 1 . 0 7 E + 0 6
6 / 18 1 . 4 9 E + 0 5 O . OOE + 0 0 1 . 9 7 E + 0 4 1 . 4 8 E + 0 6
6 / 19 O. OOE + 0 0 1 . 0 7 E + 0 5 5 . 0 0 E + 0 4 9 . 4 5 E + 0 5
6 /2 0 6 . 7 0 E + 0 5 3 . 4 3E + 0 5 3 . 84 E + 0 5 1 . 5 8E + 0 6
6 /2 1 1. 4 0 E + 0 6 4 . 9 0 E + 0 5 7 . 7 4 E + 0 5 4 . 5 8 E + 0 6
6 /2 2 1 . 3 6 E + 0 6 5 . 8 5E + 0 5 6 . 0 0 E + 0 5 5 . 0 2 E + 0 6
6 /2 3 2 . 6 0 E + 0 6 8 . 8 5E + 0 5 1 . 0 6 E + 0 6 7 0 8 E + 0 6
6 /2 4 O. OOE + 0 0 3 . 5 8E + 0 5 5 . 82 E + 0 5 3 . 6 9 E + 0 6
6/ 2 5 1. 18 E + 0 6 6 . 5 4 E + 0 5 4 . 9 9 E + 0 5 1. 8 3 E + 0 6
6 /2 6 1. 0 2 E + 0 6 2 . 4 2 E + 0 5 4 . 3 6 E + 0 5 4 . 3 6 E + 0 6
T a b l e A - 1 3 . D a i l y a b u n d a n c e o f i s o p r e n e - d e r i v e d n i t r o o x y o r g a n o s u l f a t e s
D a t e I m / z





5 / 2 5
5/ 2 6
5 / 2 7
5 / 2 8
5 /2 9









P e a k A r e a / m ^
S a m p l i n g V o l u m e
^ 6 0 3 0 5
~
O. OOE + 0 0 O. OOE + 0 0
l l l E + 0 5 O. OOE + 0 0
O. OOE + 0 0 O. OOE + 0 0
O. OOE + 0 0 O. OOE + 0 0
O. OOE + 0 0 6 . 9 1E + 0 5
1. 2 0 E + 04 8 . 5 2 E + 0 5
O. OOE + 0 0 O. OOE + 0 0
O. OOE + 0 0 O. OOE + 0 0
O. OOE + 0 0 4 . 0 8 E + 0 5
O. OOE + 0 0 1 . 16E + 0 6
O. OOE + 0 0 O. OOE + 0 0
2 . 02 E + 0 5 l . l OE + 0 6
O. OOE + 0 0 O. OOE + 0 0
1 . 0 9 E + 0 5 1 . 6 6E + 0 6
O. OOE + 0 0 O . OOE + 0 0
6 . 5 4 E + 0 4 O. OOE + 0 0
O. OOE + 0 0 O. OOE + OO
O. OOE + 0 0 O. OOE + OO
O. OOE + 0 0 O. OOE + OO
7 0
D a t e I m / z
P e a k A r e a / m
S a m p l i n g V o l u m e
2 6 0 3 0 5
6/ 8 O. OOE + 0 0 O. OOE + 0 0
6/ 9 O. OOE + 0 0 O. OOE + 0 0
6/ 10 O. OOE + 0 0 O . OOE + 0 0
6/ 1 1 8 . 7 9 E + 0 4 O. OOE + 0 0
6/ 12 1 . 17 E + 0 5 O . OOE + 0 0
6 / 13 O. OOE + 0 0 O. OOE + 0 0
6/ 14 O. OOE + 0 0 O. OOE + 0 0
6/ 15 O. OOE + 0 0 O. OOE + 0 0
6 / 16 O. OOE + 0 0 O OOE + 0 0
6/ 17 O. OOE + 0 0 O. OOE + 0 0
6 / 18 O. OOE + 0 0 O. OOE + 0 0
6 / 19 O. OOE + 0 0 6 . 13 E + 0 5
6 / 2 0 9 . 9 4 E + 04 2 . 17 E + 0 6
6 / 2 1 1 . 7 3E + 0 5 2 12 E + 0 6
6 / 2 2 O. OOE + 0 0 O. OOE + 0 0
6 /2 3 1 . 3 0 E + 0 5 O. OOE + 0 0
6 / 2 4 2 . 0 2 E + 0 5 O. OOE + 0 0
6 /2 5 O. OOE + 00 O. OOE + 0 0
6 / 2 6 1 . 7 0 E + 0 5 O. OOE + 0 0
7 1
T a b l e A - 1 4 . D a i l y a b u n d a n c e o f m o n o t e r p e n e - d e r i v e d o r g a n o s u l f a t e s
P e a k A r e a / m S a m p l i n g V o l u m e
D a t e I m / z
6 / 1/ 1 0
2 2 3 2 2 7 2 3 7 2 4 9 C 9 2 4 9 C l O 2 5 1 2 5 3
5 / 19 / 10 O. OOE + 0 0 O. OOE + QO Q. QOE + 0 0 O. OOE + QO O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
5/ 2 0/ 10 O. OOE+ 0 0 O. OOE + 0 0 7 . 10 E + 0 4 O. OOE + 0 0 O. OOE + 0 0 1. 5 1E + 0 5 3 . 0 0 E + 0 5
5/ 2 2/ 10 O. OOE + 0 0 O. OOE + 0 0 4 3 1E + 0 4 O OOE + 0 0 3 . 2 1E + 0 4 2 . 5 1E + 0 5 O. OOE + 0 0
5 / 2 3 / 1 0 3 3 9 E + 0 4 O. OOE + 0 0 6 . 4 8 E + 0 4 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
5 / 2 4 / 10 2 . 2 3 E + 0 5 O. OOE + 0 0 O. OOE + 0 0 6 . 2 2 E + 0 4 8 . 2 7E + 0 4 8 . 9 2 E + 0 5 O. OOE + 0 0
5 /2 5 / 10 O. OOE + 0 0 O. OOE + 0 0 9 . 3 6 E + 0 4 1. 0 9 E + 0 5 6 . 13 E + 0 4 7 . 3 1 E + 0 5 3 . 7 2 E + 0 5
5 / 2 6/ 10 O OOE + 0 0 2 . 8 1E + 0 5 8 . 6 8 E + 0 4 O. OOE + 0 0 1 . 6 3E + 0 5 2 . 7 9 E + 0 5 O. OOE + 0 0
5 / 2 7 / 10 O. OOE + 0 0 1. 5 2 E + 0 6 O. OOE + 0 0 O OOE + 0 0 1. 8 6E + 0 5 1. 3 4 E + 0 5 O. OOE + 0 0
5/ 2 8/ 10 O. OOE + 0 0 O. OOE + 0 0 8 3 8E + 0 4 8 . 3 0 E + 0 4 4 . 3 9 E + 04 8 . 0 4 E + 0 5 O. OOE + 0 0
5 /2 9/ 10 O. OOE + 0 0 O. OOE + 0 0 1 . 9 2 E + 0 5 O. OOE + 0 0 O. OOE + 0 0 9 . 1 1E + 0 5 O OOE + 0 0
5 / 30 / 10 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + QO
5 / 3 1/ 10 6 . 0 0 E + 0 4 1. 2 1E + 0 6 1 . 4 4 E + 0 5 O. OOE + 0 0 O. OOE + 0 0 1 . 6 7 E + 0 6 4 . 8 7E + 0 5
O OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
6 /2 / 10 8 . 4 7E + 0 4 O. OOE + 0 0 8 . 5 0 E + 0 4 9 . 7 9 E + 0 4 O. OOE + 0 0 4 . 4 9 E + 0 5 9 . 6 9E + 0 4
6 / 3/ 10 3 . 3 7E + 0 5 O. OOE + 0 0 O. OOE + 0 0 3 . 8 3 E + 0 4 O. OOE + 0 0 5 . 2 9 E + 0 5 2 . 4 8 E + 0 5
6 /4 / 10 O. OOE + 0 0 1 . 54 E + 0 6 O. OOE + 0 0 O OOE + 0 0 O. OOE + 0 0 3 . 8 5 E + 0 5 O. OOE + 0 0
6 / 5 / 10 O OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
6 /6 / 10 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O OOE + 0 0
6 /7 / 10 O. OOE + 0 0 1. 9 6 E + 0 6 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 1 . 3 0 E + 0 5 O. OOE + 0 0
6 / 8/ 10 O. OOE + 0 0 1 . 8 2 E + 0 6 O. OOE + 0 0 O. OOE + 0 0 O OOE + 0 0 O. OOE + 0 0 O OOE + 0 0
6 /9 / 10
6/ 1 1/ 10
4 . 3 6E + 0 4 6 . 3 3 E + 0 5 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
6 / 10 / 10 O. OOE + 0 0 2 . 19 E + 0 5 3 75 E + 0 4 O . OOE + 0 0 O. OOE + 0 0 1 . 53 E + 0 5 O. OOE + 0 0
2 . 9 7E + 0 5 5 . 2 6E + 0 5 2 . 4 9 E + 0 5 O . OOE + 0 0 1 . 5 5 E + 0 5 8 . 8 4 E + 0 5 2 . 2 2 E + 0 5
6 / 12 / 10 O. OOE + 0 0 2 . 0 9 E + 0 6 1 . 4 4 E + 0 5 O . OOE + 0 0 9 . 3 1E + 0 4 l . OOE + 0 6 6 . 1 7E + 0 5
D a t e I m / z
P e a k A r e a / m Sa m p l i n g V o l u m e
2 2 3 2 2 7 2 3 7 2 4 9 C 9 2 4 9 C l O 2 5 1 2 5 3
0 0
6 / 13 / 10
6/ 16 / 10
6 / 2 1/ 10
6/ 2 3 / 10
1 . 5 8E + 0 5 1 . 5 0 E + 0 6 7 . 0 0 E + 04 O OOE + 0 0 7 . 6 9 E + 0 4 1. 0 3 E + 0 6 O. OOE + 0 0
6 / 14 / 1 0 O. OOE + 0 0 1 . 9 2 E + 0 6 1. 7 9 E + 0 5 O. QOE + 0 0 1 . 19 E + 0 5 1 0 3 E + 0 6 O. OOE + 0 0
6 / 15 / 10 O. OOE + 0 0 2 . 2 4 E + 0 6 O. OOE + 0 0 O. OOE + 0 0 1. 5 3 E + 0 5 9 . 0 3 E + 0 5 O. OOE + 0 0
1 . 3 5 E + 0 5 2 2 6E + 0 5 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 3 . 86 E + 0 5 8 . 32 E + 04
6 / 17 / 1 0 O OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 1. 2 5E + 0 6 O. OOE + 0 0
6/ 18 / 10 2 . 12 E + 0 5 1. 3 3 E + 0 6 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 1. 59 E + 0 6 O. OOE + 0 0
6/ 19/ 10 O. OQE + 0 0 O. OOE + 0 0 1. 5 9 E + 0 5 O. QOE + 0 0 1 . 7 7 E + 0 5 4 . 3 8E + 0 4 O. OOE + QO
6/ 2 0 / 10 1 . 4 2 E + 0 5 O. OOE + OO 8 2 1E + 04 O OOE + OO 1 . 2 3 E + 0 5 1. 6 2 E + 0 6 9 . 7 0 E + 0 5
7 . 4 5 E + 0 5 O. OOE + 0 0 9 . 0 7 E + 04 3 . 5 2 E + 0 5 O. OOE + 0 0 2 . 7 8E + 0 6 O. OOE + OO
6/ 2 2 / 10 4 . 9 9 E + 0 5 O. OOE + OO 1 8 4 E + 0 5 O. OOE + OO O. OOE + 0 0 O. OOE + 0 0 2 . 4 8 E + 0 5
8 . 5 3 E + 0 5 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + OO O. OOE + OO 4 7 0E + 0 5
6/ 24 / 10 3 . 0 5 E + 0 5 O. OOE + 0 0 O. OOE + OO O OOE + 0 0 2 . 2 4 E + 05 O. OOE + 0 0 3 . 6 6 E + 0 5
6/ 2 5/ 10 4 . 4 1E + 0 5 O. OOE + OO 3 . 0 2 E + 0 5 O. OOE + OO O. QOE + 0 0 O. OOE + 0 0 1 . 9 7E + 0 5
6/ 2 6/ 10 2 . 5 0 E + 0 5 O. OOE + OO 1. Q3 E + 0 5 O. OOE + OO Q. QOE + 0 0 O. QOE + QO 2 . 5 3 E + 0 5
T a b l e A - 1 5 . D a i l y a b u n d a n c e o f m o n o t e r p e n e - d e r i v e d o r g a n o s u l f a t e s , c o n t
' d .
P e a k A r e a / m
^
S a m p l i n g V o l u m eD a t e I m /z
5 / 2 6 / 10
2 6 5 2 6 7 2 7 9 2 8 1 2 8 3 C 9 2 8 3 C l O 2 9 7
5 / 19 / 10 O. OOE + 0 0 O. OOE + OO 7 . 9 3E + 0 4 O. QOE + QO O. OOE + OO Q. QOE + 0 0 Q. QQE + 0 0
5/2 0/ 10 O OOE + 0 0 O. OOE+ OO 8 . 7 6 E + 0 5 3 . 2 6E + 04 O. OOE + OO O. OOE + QQ O. OOE + OO
5 /2 2 / 10 O. OOE + OO O OOE + OO 2 . 5 0 E + 0 5 O. OOE + OO O QOE + QO O. OOE + OO 4 . 0 QE + 0 4
5/ 2 3 / 10 O. OOE + QO O. OOE + OO 2 . 7 0 E + 0 5 O OOE + QO Q. OQE + OQ 1 . 5 2 E + 0 4 Q. OQE + 0 0
5/ 2 4 / 10 1 . 0 1E + Q5 O. OOE + QQ 1 . Q3 E + Q6 O. OOE + OO O. QOE + QO Q. OOE + 0 0 1. 4 9 E + 0 5
5 /2 5 / 10 O. OOE + OO 4 . 4 2 E + Q5 8 . 18 E + Q5 1 . 5 1E + Q 5 O. QOE + 0 0 O. QOE + QO 1 . 2 6 E + 0 5
1 . 4 7E + 0 5 Q. OOE + OQ 2 . 4 5E + 0 5 O QOE + 0 0 O . OOE + OO O OOE + OO 6 0 6 E + 0 4
D a t e I m / z
6/ 1/ 10
P e a k A r e a / m ^ Sa m p l i n g V o l u m e
2 6 5 2 6 7 2 7 9 2 8 1 2 8 3 C 9 2 8 3 C l O 2 9 7
5 /2 7 / 10 O. OQE + OQ O OOE + 00 O. OQE + 00 O. OOE + 0 0 O. OOE + 0 0 O. QOE + 0 0 3 . 7 7 E + 0 4
5 /2 8 / 10 5 . 3 7 E + 0 5 4 . 9 8 E + 0 5 1 . 2 7 E + 0 6 7 . 3 7 E + 0 4 O. OOE + 0 0 O . OOE + 0 0 1 0 2 E + 0 5
5/ 2 9/ 10 O. OOE+ 0 0 l . l OE + 0 6 1 . 2 1E + 0 6 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 1. 6 2 E + 0 5
5/ 3 0/ 10 O. OOE + 0 0 O. OOE + 00 O. OOE + 0 0 O. OOE + 0 0 O OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
5/ 3 1/ 10 O. OOE + 0 0 1. 2 4 E + 0 6 1 . 6 5E + 06 4 . 4 2 E + 0 5 1 . 8 3 E + 0 5 O. OOE + 0 0 O. OOE + 0 0
O. OOE+ 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
6/ 2 / 10 O. OOE + 0 0 9 . 5 9 E + 0 5 9 . 3 2 E + 0 5 2 . 4 4 E + 0 5 O. OOE + 0 0 O. OOE + 0 0 6 . 9 5 E + 0 4
6/ 3/ 10 O. OOE + 0 0 1 . 7 0 E + 0 5 9 . 13E + 0 5 O. OOE + 00 O. OOE + 0 0 O. OOE + 0 0 1 . 1 8E + 0 6
6/ 4 / 1 0 O. OOE + 0 0 O. OOE + 0 0 4 . 3 3 E + 0 5 O. OOE + 0 0 O . OOE + 0 0 O. OOE + 0 0 1. 0 2 E + 0 6
6 / 5/ 10 O. OOE+ 0 0 O. OOE + 00 5 2 4 E + 04 O. OOE + 00 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
^
^
6 / 6/ 10 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 00 O OOE + 00 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
6/ 7 / 1 0 1 . 1 2 E + 0 5 O OOE + OO 4 . 9 6 E + 0 5 2 . 12 E + 0 5 O. OOE + 0 0 O. OOE + 0 0 1. 84 E + 0 6
6/ 8/ 10 1. 3 6 E + 0 5 O. OOE + OO O OOE + 0 0 5 . 5 7 E + 04 O. OOE + 0 0 O. OOE + 0 0 1 . 0 3 E + 0 6
6 / 9/ 10 O. OOE + 0 0 O. OOE + 0 0 6 . 0 7E + 0 5 O OOE + OO 2 . 0 2 E + 0 5 O. OOE + OO l . l OE + 0 6
6/ 10/ 10 O. OOE+ 0 0 O. OOE + 0 0 2 . 92 E + 0 5 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 2 . 0 5 E + 0 5
6/ 1 1/ 10 O. OOE + OO 8 . 6 7 E + 0 5 1. 4 4 E + 0 6 2 . 4 1E + 0 5 O. OOE + 0 0 O OOE + OO 4 . 3 9 E + 0 5
6/ 12/ 10 O. OOE+ 0 0 3 . 9 6 E + 0 5 1. 64 E + 0 6 O OOE + 0 0 5 . 9 0 E + 0 4 O. OOE + 0 0 5 . 7 0 E + 0 5
6 / 13/ 10 O. OOE + 0 0 2 . 2 4 E + 0 5 6 . 9 0E + 0 5 O. OOE + OO O. OOE + OO O. OOE + OO 1. 9 5 E + 0 5
6 / 14 / 10 O. OOE + 0 0 O. OOE + 0 0 5 . 9 3 E + 0 5 O. OOE + 0 0 O . OOE + 0 0 O . OOE + 0 0 9 . 0 5 E + 0 5
6 / 15/ 10 7 . 7 1 E + 0 4 O. OOE + OO 2 . 7 1E + 0 5 O OOE + OO 1 . 7 9 E + 0 5 O. OOE + OO 3 . 17 E + 0 5
6 / 16/ 10 O. OOE+ 0 0 O. OOE + OO 3 . 9 9 E + 0 5 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 9 . 6 1E + 04
6 / 17 / 1 0 O. OOE + OO O. OOE + OO 6 . 94 E + 0 5 7 . 2 2 E + 04 O OOE + 0 0 O. OOE + OO 5 . 6 0 E + 0 5
6 / 18/ 10 8 . 30 E + 0 4 O. OOE + OO 5 . 4 9 E + 0 5 9 . 7 0 E + 0 4 O. OOE + OO O. OOE + 0 0 2 . 74 E + 0 6
6 / 19 / 10 O. OOE + 0 0 2 . 8 9 E + 0 5 5 . 4 7 E + 0 5 O. OOE + 0 0 O. OOE + 0 0 O . OOE + 0 0 6 . 14 E + 0 5
6 /2 0 / 10 O. OOE + OO 1. 2 2 E + 0 6 1. 6 3 E + 0 6 O. OOE + 0 0 2 . 0 2 E + 0 5 O. OOE + OO 1 . 0 3 E + 0 6
D a t e I m / z
6/ 2 2 / 1 0
6/ 2 6/ 10
2 6 5
P e a k A r e a / m S a m p l i n g V o l u m e
2 6 7 2 7 9 2 8 1 2 8 3 C 9 2 83 C l O 2 9 7
6/ 2 1 / 10 O. OOE + 0 0 1. 7 0 E + 0 6 2 . 0 3E + 0 6 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 3 . 0 0E + 0 6
O . OOE + 0 0 5 . 4 3 E + 0 5 l . l OE + 0 6 O. OOE + OO O. OOE + 0 0 O. OOE + 0 0 1 . 4 2E + 0 6
6/ 2 3 / 10 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 3 . 17 E + 0 5 O. OOE + 0 0 O. OOE + 0 0 4 . 19 E + 0 6
6/ 2 4/ 10 O. OOE + 0 0 O. OOE + OO O. OOE + OO Q. OOE + 00 O. OOE + OO 1 . 5 5E + 0 5 1. 9 2E + 0 6
6/ 2 5 / 1 0 O OOE + OO O. OOE + 0 0 1 . 7 3E + 0 6 1. 0 6E + 0 5 O. OOE + 0 0 O. OOE + 0 0 2 . 0 2 E + 0 6
1. 19 E + 0 5 6 . 3 2 E + 0 5 9 . 24 E + 0 5 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
T a b l e A - 16 . D a i l y a b u n d a n c e o f m o n o t e r p e n e - d e r i v e d n i t r o o x y o r g a n o s u l f a t e s
D a t e I m / z
P e a k A r e a / m Sa m p l i n g V o l u m e
2 9 4 2 9 6 3 10 3 12 3 2 6 3 2 8
5 / 19 / 10 O. OOE + OO 1 4 2 E + 0 5 O. OOE + OO O . OOE + 0 0 O. OOE+ 0 0 O . OOE + 0 0
5 /2 0 / 10 2 . 0 7E + 0 6 2 . 7 8 E + 0 6 O. OOE + OO 1 . 5 7E + 0 5 O. OOE + OO O. O OE + OO
5 /2 2 / 10 1. 79 E + 06 4 . 17 E + 0 6 2 . 3 5 E + 0 4 5 . 64 E + 0 4 O. OOE + 0 0 O. OOE + 0 0
5 /2 3 / 10 1 . 2 9 E + 06 1 . 5 5 E + 0 6 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
5 /2 4 / 1 0
5 / 2 6 / 10
5/ 2 8 / 10
5 / 3 0 / 10
6/ 1/ 10
9 . 73 E + 06 1 . 9 4 E + 0 7 O . OOE + 0 0 O. OOE + OO 5 . 1 9 E + 0 5 O. OOE + OO
5 /2 5 / 10 7 . 5 7E + 06 1 . 3 5 E + 0 7 l l OE + 0 5 1. 6 9 E + 0 5 1. 5 1E + 0 6 9 . 5 6 E + 0 4
2 . 2 0 E + 06 9 . 4 8 E + 0 6 2 . 0 7 E + 0 5 O. OOE + 0 0 2 . 6 6 E + 0 5 O. OOE + 0 0
5/ 2 7 / 10 4 . 3 7 E + 0 5 2 . 3 7 E + 0 6 O. OOE + 0 0 O OOE + 0 0 O. OOE + 0 0 O. OOE + OO
O. OOE + 0 0 5 . 2 1E + 0 6 O. OOE + OO 3 6 1E + 0 5 O. OOE + 0 0 O. OOE + OO
5 / 2 9 / 10 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O OOE + OO
2 . 3 7 E + 0 5 3 . 15 E + 0 5 O OOE + OO O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
5 / 3 1/ 10 O. OOE + 0 0 1 . 17 E + 0 7 O OOE + OO O. OOE + 0 0 O. OOE + 0 0 1 . 6 9 E + 0 5
O. OOE + 0 0 8 . 6 4 E + 0 4 O. OOE + OO O. OOE + OO O. OOE + OO O OOE + 0 0
6/ 2 / 10 O . OOE + 0 0 4 . 16 E + 0 6 O. OOE + 0 0 1 . 4 2 E + 0 5 O. OOE + 0 0 2 . 7 3 E + 0 4
6/ 3 / 10 O. OOE + OO O. OOE + OO O . OOE + 0 0 O OOE + OO O. OOE + 0 0 O. OOE + 0 0
D a t e I m / z
P e a k A r e a / m S a m p l i n g V o l u m e
2 94 2 9 6 3 1 0 3 12 3 2 6 3 2 8
6 / 4/ 10 O. OOE + 0 0 O. OOE + 00 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
6 / 5 / 1 0 1 . 4 3 E + 0 5 1 . 9 1E + 0 5 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
6 / 6 / 10 O. OOE + 0 0 O. OOE + 0 0 O OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
6 / 7 / 10 1
. 7 0 E + 0 7 O. OOE + 0 0 O OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 5 . 9 3 E + 0 4
6 / 8 / 10
6/ 9 / 10
6 / 1 1/ 10
O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 2 . 5 1E + 0 5
1 . 0 9 E + 0 7 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 3 . 0 7 E + 0 5
6 / 10/ 10 O OOE + 0 0 O. OOE + 00 O OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
3 . 10 E + 0 7 1. 14 E + 0 7 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
6 / 12 / 1 0 1 . 3 5 E + 0 7 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
6 / 13 / 10 3 . 8 8 E + 0 7 3 . 2 3 E + 0 7 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 l . Ol E + 0 5
6/ 14 / 10 4 . 9 5 E + 0 7 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
6 / 15 / 1 0 1 . 2 4 E + 0 7 O OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
6 / 16/ 10
6 /2 5 / 1 0
3 . 4 9 E + 0 6 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 4 . 0 6 E + 04
6 / 17 / 10 8 . 7 8 E + 0 6 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 3 . 2 1 E + 0 5
6 / 18/ 10 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 1 . 0 8 E + Q5
6 / 19/ 10 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 6 . 16 E + 0 4
6 / 2 0/ 10 O. OOE + 0 0 O. OOE + 0 0 Q. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 7 . 6 2 E + 0 4
6 /2 1 / 10 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 3 . 4 8 E + 0 5
6 /2 2 / 10 O. OOE + 0 0 O. OOE + 00 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
6 /2 3/ 10 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
6 /2 4 / 10 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O . OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
6 /2 6 / 10 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 3 . 16 E + 0 5
T a b l e A - 1 7 . D a i l y a b u n d a n c e o f m o n o t e r p e n e - d e r i v e d n i t r o o x y o r g a n o s u l f a t e s , c o n t
' d .
D a t e I m / z
5 /2 3 / 10
5 /2 7 / 10
5 /3 1/ 10
Pe a k A r e a / m S a m p l i n g V o l u m e
3 3 0 3 3 9 3 4 2 3 7 3 3 8 9
5 / 19 / 10 O. OGE + QG O OOE + 0 0 9 . 1 2 E + 0 4 4 . 83 E + 0 4 O. OOE + 0 0
5 /2 0 / 10 O. OOE + 0 0 O. OOE + 0 0 3 . 9 7 E + 0 5 5 . 2 7E + 0 5 O. OOE + 0 0
5 /2 2 / 10 O. OOE + OO O. OOE + OO O. OOE + OO 2 . 0 8E + 0 5 O OOE + OO
O . OOE + OO O. OOE + OO 3 . 5 1E + 0 4 9 . 6 8E + 0 4 O. OOE + OO
5 /2 4 / 10 O. QOE + 0 0 O. OOE + OO 2 . 1 2 E + 0 5 O. OOE + OO O. OOE + OO
5 /2 5 / 10 O. OOE + 0 0 O. OOE + 0 0 6 . 4 1E + 0 5 1 . 8 8E + 0 6 O. OOE + OO
5 /2 6 / 10 O. OOE + 0 0 O. OOE + OO 3 . 7 2 E + 0 5 2 . 9 1E + 0 5 O. OOE + 0 0
O . OOE + 0 0 O. OOE + OO O. OOE + OO O. OOE + OO O. OOE + OO
5 /2 8/ 10 O. OOE + OO O. OOE + OO 1 . 0 8 E + 0 5 O. OOE + 0 0 O. OOE + OO
5 /2 9 / 10 O. OOE + OO O. OOE + 0 0 1. Q6 E + 0 6 O. OOE + 0 0 O. OOE + 0 0
5 /3 0 / 10 O. OOE + OO O. OOE + 0 0 O. OOE + OO 5 . 7 0 E + 0 4 O OOE + OO
O . OOE + OO 2 . 9 6 E + 0 5 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
6/ 1/ 10 O. OOE + OO O. OOE + 0 0 O. OOE + OO O. OOE + 0 0 O. OOE + 0 0
6/ 2 / 10 O . OOE + OO O. OOE + 0 0 7 . 0 8 E + 0 5 O. OOE + 0 0 O. OOE + OO
6/ 3 / 10 O. OOE + 0 0 O. OOE + OO O. OOE + 0 0 O. OOE + 0 0 O. OOE + OO
6/ 4 / 10 O. OOE + 0 0 O. OOE + OO O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
6/ 5 / 10 O. OOE + OO O. OOE + OO 1 . 3 9 E + 0 5 7 . 7 5 E + 0 4 O. OOE + OO
6/ 6 / 10 O . OOE + 0 0 O. OOE + 0 0 O. OOE + OO O. OOE + OO O. OOE + 0 0
6/ 7/ 10 O. OOE + OO O. OOE + OO O. OOE + OO O. OOE + 0 0 O. OOE + OO
6/ 8/ 10 O. OOE + 0 0 O OOE + OO O. OOE + OO O. OOE + 0 0 O. OOE + OO
6/ 9/ 10 O. OOE + 0 0 O. OOE + OO O. OOE + OO O. OOE + OO O. OOE + 0 0
6 / 10/ 10
6 / 12 / 10
O . OOE + 0 0 O. OOE + 0 0 O. OOE + OO O. OOE + 0 0 O. OOE + OO
6 / 1 1/ 10 O. OOE + 0 0 O. OOE + 0 0 8 . 5 9 E + 0 5 7 7 5 E + 0 6 O. OOE + 0 0
O . OOE + 0 0 O. OOE + 0 0 O . OOE + 0 0 O . OOE + 0 0 O. OOE + 0 0
D a t e I m /z
6 / 1 4 / 10
P e a k A r e a / m S a m p l i n g V o l u m e
3 3 0 3 3 9 34 2 3 7 3 3 8 9
6/ 13/ 10 O. OOE + 0 0 O. OOE + 0 0 2 . 0 6 E + 0 6 O OOE + 0 0 O. OOE + 0 0




1. 7 0E + 0 5 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O OOE + 0 0
6 / 16/ 10 O. OOE + OO O. OOE + OO O. OOE + OO O. OOE + OO O. OOE + OO
O. OOE + 0 0 O. OOE + OO O. OOE + 0 0 O. OOE + 0 0 9 . 6 3E + 0 4
6/ 18/ 10 O. OQE + 0 0 O. OOE + OO 1 . 5 7 E + 0 6 O. OOE + OO 9 . 2 0 E + 0 4
6 / 19/ 10 O. OQE + QO O. OOE + OO O. OOE + OO O. OOE + OO O. OOE + OO
6/ 2 0/ 10 O. OQE + 00 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
6 / 2 1/ 10 O. OOE + OO O. OOE + OO O. OOE + OO O. OOE + 0 0 O. OOE + 0 0
6 / 2 2/ 10 O. OOE + OO O. OOE + OO O. OOE + OO O. OOE + OO O. OOE + OO
6 / 2 3/ 10 O. OQE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O OOE + OO 1. 5 6 E + 0 5
6 /2 4 / 1 0 O. O OE + OO O . OOE + 0 0 O. OOE + 0 0 O. OOE + OO 2 . 7 2 E + 0 5
6 /2 5/ 10 O. OOE + OO O. OOE + OO O. OOE + OO O. OOE + OO O. OOE + OO
6 / 2 6/ 10 O. OOE + 0 0 O. OOE + OO OOOE + 0 0 O. OOE + OO O. OOE + 0 0
T a b l e A - 1 8 . D a i l y a b u n d a n c e o f o t h e r o r g a n o s u l f a t e s
D a t e I m /z
P e a k A r e a / m S a m p l i n g V o l u m e
13 9 15 3 15 5 16 9
5/ 19 O. OOE + 0 0 O . OOE + 0 0 O. OOE + 0 0 O . OOE + 0 0
5/ 2 0 2 . 4 3 E + 0 5 7 . 0 1E + 0 4 1 . 1 5 E + 0 6 9 . 3 8 E + 0 4
5 /2 2 6 . 7 9 E + 0 4 4 . 89 E + 0 4 O. OOE + 0 0 1 . 8 1E + 0 4
5 /2 3 6 . 8 0 E + 0 4 4 . 0 6 E + 0 4 1 . 4 1E + 0 5 1 . 6 8 E + 0 4
5/ 2 4 1. 9 4 E + 0 5 3 . 8 7 E + 0 5 1 . 8 5 E + 0 4 3 . 4 6 E + 0 5
5/ 2 5 9 . 17 E + 0 4 8 . 7 9 E + 0 4 O. OOE + 0 0 1 . 12 E + 0 5
5/ 2 6 3 . 8 7 E + 0 4 2 . 7 9 E + 0 5 3 . 0 1E + 0 5 2 . 4 0 E + 0 5
5 / 2 7 1 . 3 9 E + 0 4 9 . 3 7 E + 0 4 1 . 4 4 E + 0 4 5 . 9 6 E + 0 4
5 /2 8 O. OOE + 0 0 3 . 3 1E + 0 5 7 . 7 2 E + 0 4 2 . 6 1E + 0 5
5/ 2 9 2 . 7 6 E + 0 5 7 . 9 1E + 0 5 O. OOE + 0 0 3 . 5 5 E + 0 5
5 / 3 0 O. OOE + 00 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
5 / 3 1 1 . 89 E + 0 5 9 . 89 E + 0 5 5 . 2 7 E + 0 4 5 . 5 3 E + 0 5
6 / 1 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
6 /2 2 . 2 2 E + 0 5 5 . 7 6 E + 0 5 3 . 5 1E + 0 4 3 . 4 4 E + 0 5
6 /3 3 . 7 4 E + 0 4 6 . 2 1E + 0 5 1 2 9 E + 0 6 8 . 9 7 E + 0 4
6 /4 O. OOE + 0 0 7 . 2 3 E + 0 5 1 . 19 E + 0 5 O. OOE + 0 0
6 / 5 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
6 /6 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0 O. OOE + 0 0
6 / 7 O. OOE + 00 7 . 3 8E + 0 5 O. OOE + 0 0 O. OOE + 0 0
6 / 8 O . OOE + 0 0 5 . 0 0 E + 0 5 O. OOE + 0 0 O . OOE + 0 0
6 /9 O. OOE + 0 0 l . l OE + 0 5 O. OOE + 0 0 6 . 6 1E + 0 4
6/ 1 0 O. OOE + 00 1 . 5 5 E + 0 4 3 . 82 E + 04 1 . 5 8E + 0 4
6/ 1 1 O. OOE + 0 0 4 . 9 2 E + 0 5 O. OOE + 0 0 O. OOE + 0 0
6/ 12 O. OOE + 0 0 4 . 6 9 E + 0 5 O OOE + 0 0 O. OOE + 0 0
6/ 13 O. OOE + 0 0 3 . 9 8E + 0 5 O. OOE + 0 0 O . OOE + 0 0
6/ 14 O. OOE + 0 0 3 . 9 1E + 0 5 O. OOE + 0 0 O. OOE + 0 0
6/ 15 O. OOE + 0 0 2 . 6 4 E + 0 5 O . OOE + 0 0 O. OOE + 0 0
6/ 16 7 . 1 2 E + 0 4 3 . 17 E + 0 4 4 . 0 1E + 0 4 3 . 6 6 E + 0 4
6 / 1 7 O. OOE + 0 0 3 . 2 4 E + 0 5 O. OOE + 0 0 O
. OOE + 0 0
6/ 18 O. OOE + 0 0 1. 5 0 E + 0 5 O. OOE + 0 0 O. OOE + 0 0
6/ 19 1 . 3 0 E + 0 4 4 . 13 E + 0 4 O. OOE + 0 0 3
. 0 9 E + 0 4
6/ 2 0 3 . 6 8 E + 0 5 6 . 0 0 E + 0 5 2 . 8 7 E + 0 4 3 . 6 3 E + 0 5
6 / 2 1 O. OOE + 0 0 3 . 8 5 E + 0 5 O. OOE + 0 0 4 . 0 3E + 0 5
6 / 2 2 2 . 32 E + 0 5 7 . 4 9E + 0 5 8 . 7 9E + 0 4 3 . 6 1 E + 0 5
6 / 2 3 O. OOE + 0 0 1 . 15E + 0 6 2 . 6 5E + 0 5 8 . 1 2 E + 0 5
6 / 2 4 O. OOE + 0 0 6 . 5 8E + 0 5 O. OOE + 0 0 3 . 6 9E + 0 5
6 /2 5 1 . 4 0 E + 0 5 7 . 6 1E + 0 5 O. OOE + 0 0 4 . 1 8E + 0 5
7 9
,
P e a k A r e a / m ^ S a m p l i n g V o l u m e
D a t e Im / z
13 9 153 15 5 16 9
6/ 2 6 4 . 3 9 E + 0 5 1. 3 2 E + 0 5 4 . 8 1E + 0 5 1. 4 7 E + 0 5
T a b l e A - 19 . D a i l y a m b i e n t c o n c e n t r a t i o n s o f i s o p r e n e
- d e r i v e d o r g a n o s u l f a t e s
D a t e I m / z
C o n c e n t r a t i o n (n g m
" ^
)
1 9 9 2 1 1 2 13 2 15
5 / 1 9 0 . 5 84 0 . 0 5 2 O. OOQ 0 . 2 13
5/ 2 0 0 . 3 3 5 0 . 0 2 3 0 . 0 0 0 0 . 0 7 7
5/ 2 2 0 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
5 /2 3 0 . 0 4 1 0 . 0 1 1 0 . 0 16 0 . 10 2
5/ 2 4 0 . 0 6 0 0 . 0 0 0 0 . 0 0 0 0 . 12 9
5/ 2 5 0 . 0 5 7 0 . 0 6 3 0 . 0 1 1 0 . 1 17
5 /2 6 0 . 1 2 6 0 . 0 2 6 0 . 0 0 0 0 . 0 6 7
5 /2 7 0 . 0 0 9 0 . 0 0 0 0 . 0 0 0 0 . 1 16
5/ 2 8 0 . 0 19 0 . 0 15 0 . 0 0 0 0 . 0 2 6
5 /2 9 0 . 1 1 5 0 . 0 0 0 0 . 0 6 0 0 . 12 1
5 / 3 0 0 . 7 7 3 0 . 16 7 0 . 19 4 0 . 3 3 2
5 / 3 1 0 . 3 5 3 Q. 0 2 5 0 . 0 7 0 0 . 8 6 9
6 / 1 0 . 3 3 1 0 . 0 3 5 0 . 0 0 0 0 . 13 6
6/ 2 0 . 2 9 6 0 . 0 14 0 . 0 4 9 0 . 4 2 6
6/ 3 0 . 7 13 0 . 04 0 0 . 0 0 0 0 . 2 8 9
6 /4 0 . 4 0 6 0 . 18 6 0 . 0 0 0 0 . 19 6
6/ 5 1. 1 13 0 . 0 0 0 0 . 0 0 0 0 . 62 2
6/ 6 0 . 3 5 7 0 . 04 4 0 . 0 54 0 2 6 5
6/ 7 0 . 2 9 5 0 . 0 0 0 0 . 0 5 6 0 . 5 19
6/ 8 0 . 1 5 5 0 . 12 0 0 . 0 74 0 . 8 7 5
6 / 9 0 . 0 17 0 . 0 0 0 0 . 0 2 0 0 . 3 13
6 / 10 0 . 0 0 9 0 . 0 0 0 0 . 0 0 0 0 . 0 4 4
6 / 1 1 0 . 3 74 0 . 0 2 2 0 . 0 9 8 0 . 5 9 5
6 / 12 0 . 2 5 9 0 . 0 0 0 0 0 6 1 0 . 3 3 0
6 / 13 0 . 1 7 8 0 . 0 2 4 0 . 0 4 9 0 . 4 3 3
6 / 14 0 . 2 4 2 0 . 0 8 6 0 . 0 7 3 0 . 6 3 5
6 / 1 5 0 . 0 4 5 0 . 0 0 0 0 . 0 4 4 0 . 7 5 5
6 / 16 0 . 0 7 5 0 . 0 0 0 0 . 0 5 4 0 . 8 0 3
6 / 17 0 . 1 13 0 . 0 2 1 0 . 0 4 1 0
.
4 3 0
6/ 19 0 . 0 2 2 0 . 0 1 1 0 . 0 15 0 . 2 10
6 / 2 0 0
.
12 9 0 0 6 7 0 04 8 0 3 8 7
6/ 2 1 0 . 3 0 1 0
. 0 0 0 0 . 114 1 . 10 4
8 0
C o n c e n t r a t i o n (n g m
" ^
)
D a t e | m / z ^ ^ ^ ^ ^ ^ ^ ^ 3 ^ ^ 3
-
6 / 2 2 0 . 3 19 0 . 1 2 5 0 . 1 18 1. 15 7
6 / 2 3 0 . 5 2 8 0 . 0 0 0 0 . 10 4 1 . 6 9 1
6 / 2 4 0 . 2 3 2 0 . 1 2 6 0 . 0 7 1 0 . 9 7 7
6 / 2 5 0 . 172 Q. OQQ 0 . 0 4 0 0 . 5 6 3
6 / 2 6 0 . 2 6 1 0 . 0 0 0 0 . 0 87 0 . 9 86
T a b l e A - 2 0 . D a i l y a m b i e n t c o n c e n t r a t i o n s o f i s o p r e n e - d e r i v e d n i t r o o x y o r g a n o s u l f a t e s
C o n c e n t r a t i o n
D a t e 1m / z (n g m
" ^
)
2 6 0 3 0 5
5 / 19 0 . 2 4 1 0 . 1 5 5
5 /2 0 0 . 0 2 0 0 . 1 02
5 /2 2 0 . 0 0 9 0 . 0 3 5
5/ 2 3 0 . 0 0 0 0 . 0 2 4
5/ 2 4 0 . 0 19 0 0 5 5
5/ 2 5 0 . 0 15 0 . 0 7 4
5/ 2 6 0 . 0 0 0 0 . 0 0 0
5/ 2 7 0 . 0 0 0 0 . 0 0 0
5 / 2 8 0 . 0 0 8 0 . 0 3 4
5/ 2 9 0 . 0 3 3 0 . 1 14
5/ 3 0 0 . 0 0 0 0 . 1 17
5/ 3 1 0 . 0 18 0 . 16 1
6/ 1 0 . 02 7 0 . 16 7
6/ 2 0 . 0 3 4 0 . 14 3
6 / 3 0 . 0 3 0 0 1 12
6/ 4 0 . 0 6 2 0 . 0 7 8
6 / 5 0 . 12 3 0 . 19 1
6/ 6 0 . 0 5 3 0 . 16 1
6 / 7 0 . 0 7 8 0 . 17 8
6 / 8 0 . 0 4 7 0 . 3 2 6
6 / 9 0 . 0 0 0 0 . 0 9 3
6 / 1 0 0 . 0 16 0 . 0 8 9
6/ 1 1 0 0 2 6 0 . 1 9 7
6/ 12 0 . 0 2 4 0 . 13 8
6/ 13 0 . 0 0 0 0 . 0 8 0
6/ 14 0 . 0 54 0 . 0 6 8
6 / 15 0 . 0 0 0 0 . 2 5 1
6 / 16 0 . 0 0 0 0 . 0 9 0
6 / 17 0 . 0 4 4 0 . 0 6 5
8 1
C o n c e n t r a t i o n
D a t e I m / z (n g m
' ^
)
2 6 0 3 0 5
6 / 19 0 . 0 0 0 0 . 0 82
6 /2 0 0 . 0 0 0 0 . 14 1
6 /2 1 0 . 0 2 7 0 . 16 9
6 /2 2 0 . 0 6 4 0 . 10 0
6 /2 3 0 . 0 2 1 0 . 19 8
6 /2 4 0 . 0 3 2 0 . 2 1 1
6 /2 5 0 . 0 0 0 0 . 15 4
6 / 2 6 0 . 0 6 5 0 . 4 3 7
T a b l e A - 2 1 . D a i l y a m b i e n t c o n c e n t r a t i o n s o f m o n o t e r p e n e - d e r i v e d o r g a n o s u l f a t e s




2 2 3 2 2 7 2 3 7 2 4 9 2 4 9 2 5 1 2 5 3
5 / 1 9 0 . 3 4 5 0 . 3 7 8 0 . 0 4 2 0 . 0 10 0 . 0 13 0 . 0 1 1 0 . 0 9 9
5 /2 0 0 . 3 0 5 0 . 1 4 2 0 . 10 7 0 . 0 0 6 0 . 0 0 9 0 . 0 2 0 0 . 13 0
5 /2 2 0 . 0 0 0 0 . 0 0 0 0 . 0 0 9 0 . 0 16 0 . 0 0 2 0 . 1 16 0 . 0 1 5
5 /2 3 0 0 0 9 0 . 00 0 0 . 0 0 0 0 . 0 0 7 0 . 0 0 0 0 . 0 52 0 . 0 1 4
5/2 4 0 . 0 7 2 O. OQO 0 . 0 2 1 0 . 0 12 0 . 0 10 0 . 0 9 8 0 . 0 4 2
5 /2 5 0 . 0 84 0 . 0 0 0 0 . 0 5 4 0 . 0 0 9 0 . 0 17 0 . 0 7 5 0 . 0 3 7
5 /2 6 O . OQO 0 . 0 0 0 0 . 0 3 0 0 . 0 13 0 0 0 3 0 . 0 1 9 0 . 0 0 0
5 /2 7 0 . 0 0 0 0 . 0 0 0 0 . 0 2 1 0 . 0 2 2 0 . 0 0 0 0 . 0 1 6 0 . 0 0 0
5 /2 8 0 . 0 15 0 . 0 0 0 0 . 0 4 8 0 . 0 16 0 . 0 02 0 . 0 19 0 . 0 3 1
5 /2 9 0 . 1 7 1 0 . 0 0 0 0 . 0 3 2 0 . 0 17 0 . 0 04 0 04 0 0 . 0 7 2
5 / 3 0 0 . 0 8 5 0 . 0 0 0 0 . 0 4 7 0 . 0 0 9 0 . 0 1 3 0 . 17 2 0 . 0 0 0
5 / 3 1 0 . 3 13 0 . 0 0 0 0 . 0 2 9 0 . 0 0 0 0 . 0 2 4 0 . 1 10 0 . 0 0 0
6 / 1 0 . 2 6 5 0 . 0 0 0 0 . 0 18 0 . 0 10 0 . 0 16 0 . 0 3 1 0 . 0 9 1
6 /2 0 . 0 5 6 0 . 0 6 9 0 . 0 2 3 0 . 0 0 2 0 . 0 0 8 0 . 0 57 0 . 0 7 5
6 / 3 0 . 0 8 1 0 . 2 6 3 0 . 10 5 0 . 0 2 1 0 . 0 12 0 . 1 13 0 . 10 4
6 /4 0 . 2 17 0 . 19 1 0 . 2 9 2 0 . 0 1 1 0 . 0 0 8 0 . 0 12 0 . 0 9 2
6 / 5 0 4 0 6 0 . 0 0 0 0 . 0 5 0 0 . 0 0 7 0 . 0 0 9 0 . 02 4 0 . 18 4
6 /6 0 . 4 3 7 0 . 0 0 0 0 . 0 5 0 0 . 0 0 9 0 0 12 0 . 0 80 0 . 15 3
6 /7 0 . 1 7 3 0 . 15 9 0 0 2 6 0 . 02 9 0 . 0 0 0 0 . 0 7 8 0 . 0 0 0
6 / 8 0 . 3 15 0 0 0 0 0 3 8 5 0 . 0 17 0 . 0 0 6 0 . 0 6 5 0 . 0 0 0
6/ 9 0 . 18 1 0 . 0 0 0 0 . 2 7 1 0 . 0 2 0 0 . 0 0 0 0 . 0 3 6 0 . 0 3 5
6/ 10 0 . 10 3 0 . 0 0 0 0 . 0 4 4 0 0 1 1 0 . 0 14 0 . 0 2 3 0 . 0 3 9
6/ 1 1 0 . 18 9 0 . 12 5 0 . 10 5 0 . 0 0 4 0 . 0 19 0 . 0 5 3 0 . 0 0 0
6 / 12 0 . 16 6 0 . 0 0 0 0 . 34 5 0 . 0 13 0 . 0 0 5 0 . 0 3 9 0 . 0 84
6 / 13 0 . 10 4 0 . 14 0 0 . 0 1 7 0 . 0 0 8 0 . 0 18 0 . 1 13 0 . 0 0 0
8 2




2 2 3 2 2 7 2 3 7 24 9 2 4 9 2 5 1 2 5 3
6 / 1 4 0 . 2 3 1 0 . 0 0 0 0 . 1 1 4 0 0 1 8 0 0 0 0 0 0 3 5 0 . 0 3 2
6/ 15 0 . 1 6 6 0 . 0 0 0 0 . 1 5 4 0 . 0 14 0 . 0 2 5 0 . 1 0 8 0 . 0 18
6/ 16 0 . 14 8 0 . 0 0 0 0 . 0 18 0 . 0 1 5 0 . 0 10 0 . 0 7 6 0 . 0 0 0
6 / 17 0 . 18 2 0 . 0 0 0 0 . 0 9 3 0 . 0 1 3 0 . 0 3 9 0 . 16 5 0 . 0 0 0
6/ 19 0 0 2 9 0 . 0 0 0 0 . 0 1 0 0 . 0 12 0 . 0 10 0 0 7 0 0 . 0 2 1
6/ 2 0 0 . 0 0 0 0 . 0 0 0 0 . 12 1 0 . 0 3 4 0 . 0 2 0 0 . 0 5 8 0 . 0 6 4
6/ 2 1 0 . 3 14 0 . 14 0 0 . 0 3 6 0 0 12 0 . 0 2 5 0 . 0 8 4 0 . 0 9 5
6/ 2 2 0 . 2 7 3 0 . 0 0 0 0 . 10 9 0 . 0 0 0 0 . 0 0 0 0 . 14 7 0 . 0 0 0
6/ 2 3 0 . 3 9 1 0 . 16 5 0 . 0 3 6 0 0 0 0 0 . 0 4 0 0 . 1 10 0 . 0 0 0
6/ 2 4 0 . 18 6 0 . 0 0 0 0 0 2 3 0 . 0 0 5 0 . 0 2 6 0 . 1 19 0 . 0 0 0
6/ 2 5 0 . 2 2 2 0 . 17 2 0 . 14 1 0 . 0 0 0 0 . 0 3 0 0 . 1 3 8 0 0 8 9
6/ 2 6 0 . 4 7 7 0 . 0 0 0 0 . 0 6 5 0 . 0 14 0 . 0 2 0 0 . 0 6 1 0 . 0 3 9
T a b l e A - 2 2 . D a i l y a m b i e n t c o n c e n t r a t i o n s o f m o n o t e r p e n e - d e r i v e d o r ga n o s u l f a t e s , c o n t
' d .




2 6 5 2 6 7 2 7 9 2 8 1 2 8 3 2 83 2 9 7
5/ 19 0 . 0 0 0 0 . 1 7 8 0 . 1 2 6 0 . 0 4 6 0 . 0 17 0 . 0 0 0 0 . 0 12
5 / 2 0 0 . 0 0 9 0 . 2 5 9 0 . 1 2 0 0 . 0 3 4 0 . 0 2 1 0 . 0 0 0 0 . 0 0 5
5 / 2 2 0 . 0 04 0 . 02 8 0 . 0 3 6 0 . 0 13 0 . 0 0 3 0 . 0 0 0 0 . 0 0 0
5/ 2 3 0 . 0 0 6 0 . 0 3 1 0 . 0 3 3 0 . 0 13 0 . 0 0 2 0 . 0 0 0 0 . 0 0 3
5 /2 4 0 0 14 0 . 04 5 0 . 0 6 8 0 . 0 16 0 . 0 0 0 0 . 0 0 0 0 . 04 1
5 /2 5 0 . 0 0 0 0 . 0 5 1 0 . 0 4 9 0 . 0 16 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
5/ 2 6 0 . 0 0 9 0 . 0 0 8 0 . 0 10 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 6
5 /2 7 0 . 0 0 0 0 . 00 4 0 . 0 0 7 0 0 0 0 0 . 0 0 0 0 . 0 0 0 0 0 0 0
5 /2 8 0 . 0 10 0 . 0 6 1 0 . 1 1 1 0 . 0 1 1 0 . 0 0 2 0 . 0 0 0 0 . 0 0 0
5 /2 9 0 . 0 0 0 0 12 9 0 0 9 7 0 . 0 4 0 0 . 0 0 0 0 . 0 0 0 0 . 0 1 1
5 / 3 0 0 . 0 0 9 0 . 2 0 2 0 . 19 4 0 0 5 5 0 . 0 0 0 0 . 0 0 8 0 . 0 1 7
5 /3 1 0 0 0 0 0 . 15 3 0 . 12 1 0 . 0 5 3 0 . 0 0 0 0 . 0 0 0 0 . 0 18
6 / 1 0 . 0 0 0 0 . 1 54 0 . 1 18 0 . 0 2 8 0 . 0 0 0 0 . 0 0 0 0 . 0 1 5
6 /2 0 0 0 5 0 . 12 6 0 . 0 7 5 0 . 0 19 0 . 0 0 0 0 . 0 0 0 0 0 0 9
6 /3 0 . 0 0 8 0 . 14 8 0 . 12 7 0 0 4 7 0 . 0 12 0 . 00 0 0 0 2 2
6 /4 0 . 0 0 5 0 . 1 16 0 . 1 2 4 0 . 0 4 1 0 . 0 14 0 . 0 0 0 0 . 0 3 5
6/ 5 0 . 0 0 6 0 . 2 9 9 0 . 13 9 0 . 0 4 7 0 . 0 2 0 0 . 0 2 5 0 . 0 1 8
6/ 6 0 . 0 0 0 0 . 2 74 0 1 3 1 0 . 0 5 6 0 . 0 0 0 0 . 0 0 0 0
. 0 2 3
6/ 7 0 . 0 0 0 0 . 0 8 8 0 . 0 5 7 0 . 0 4 2 0 0 0 4 0 . 0 0 0 0 . 0 15
6/ 8 0 . 0 0 0 0 2 16 0 . 0 8 1 0 0 3 1 0 0 0 0 0 0 0 0 0 0 14
6/ 9 0 . 0 1 1 0 . 0 5 2 0 . 0 7 1 0 . 0 1 3 0 . 0 0 5 0 . 0 0 0 0
. 0 10
8 3




2 6 5 2 6 7 2 7 9 2 8 1 2 8 3 2 8 3 2 9 7
6/ 10 0 . 0 1 1 0 . 0 6 9 0 . 0 7 7 0 . 0 1 9 0 . 0 0 0 0 . 0 0 0 0 . 1 2 3
6/ 1 1 0 . 0 0 0 0 . 10 3 0 . 10 9 0 . 0 3 2 0 . 0 0 0 0 . 0 0 0 0 . 0 13
6/ 12 0 . 0 0 0 0 . 12 0 0 13 2 0 . 0 3 7 0 . 0 0 0 0 . 0 0 0 0 . 0 13
6/ 13 0 . 0 0 0 0 . 0 3 8 0 . 0 5 6 0 . 0 14 0 . 0 0 4 0 . 0 0 0 0 . 0 1 2
6/ 14 0 . 0 0 0 0 . 0 3 3 0 . 04 7 0 0 3 8 0 . 0 0 4 0 . 0 0 0 0 . 0 2 2
6 / 1 5 0 . 0 0 0 0 . 0 2 8 0 . 0 2 3 0 0 15 0 0 0 0 0 . 0 0 0 0 . 0 0 0
6/ 16 0 . 0 0 7 0 . 0 4 4 0 . 0 5 7 0 . 0 1 5 0 . 0 0 0 0 . 0 0 0 0 . 0 2 6
6/ 17 0 . 0 0 0 0 . 0 5 0 0 . 0 5 5 0 . 0 18 0 . 0 0 0 0 . 0 0 0 0 . 0 2 1
6 / 19 0 . 0 15 0 . 0 2 8 0 . 0 3 6 0 . 0 15 0 . 0 0 0 0 . 0 0 0 O. OQO
6 /2 0 0 . 0 0 0 0 . 0 9 2 0 . 10 6 0 . 0 32 0 . 0 0 7 0 . 0 0 0 0 . 0 12
6 /2 1 0 . 0 0 0 0 . 1 3 7 0 . 12 6 0 . 0 4 3 0 . 0 0 0 0 0 13 0 . 0 0 0
6 /2 2 0 . 0 0 0 0 . 0 7 1 0 . 0 7 6 0 . 0 3 6 0 . 0 0 0 0 . 0 0 0 0 . 0 1 8
6 / 2 3 0 . 0 0 0 0 . 1 5 2 0 12 2 0 . 0 6 7 0 . 0 0 0 0 . 0 0 0 0 . 0 2 2
6 /2 4 0 . 0 0 5 0 . 0 6 2 0 . 0 6 0 0 0 2 9 0 . 0 0 0 0 . 0 0 0 0 . 0 19
6 /2 5 0 . 0 0 0 0 . 12 7 0 . 10 7 0 0 3 1 0 . 0 0 0 0 0 0 0 0 0 1 1
6 /2 6 Q. QOO 0 . 3 18 0 . 12 9 0 . 0 7 6 0 . 0 0 0 0 . 0 0 0 0 . 0 2 2
T a b l e A - 2 3 . D a i l y a m b i e n t c o n c e n t r a t i o n s o f m o n o t e r p e n e - d e r i v e d n i t r o o x y
o r g a n o s u l f a t e s




2 94 2 9 6 3 10 3 12 3 2 6 3 2 8 3 3 0 34 2 3 7 3
5/ 19 0 . 2 4 3 0 . 4 8 0 0 . 0 0 0 0 . 0 0 0 0 . 0 52 0 . 0 0 9 0 . 0 0 0 0 . 0 5 1 0 . 0 0 0
5 / 2 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 04 5 0 . 0 0 0 0 . 0 0 0 0 . 0 14 0 . 0 4 9 0 . 0 0 0
5/ 2 2 1. 0 3 6 0 . 4 6 7 0 . 0 0 0 0 . 0 18 0 . 0 12 0 . 0 0 0 0 . 0 0 0 0 . 0 10 0 . 0 3 0
5/ 2 3 0 . 8 5 2 0 . 5 2 1 0 . 0 0 0 0 . 0 0 0 0 . 0 12 0 . 0 0 0 0 0 0 0 0 . 0 13 0 . 0 0 0
5/ 2 4 0 . 19 9 0 . 5 9 1 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 2 2 0 . 0 0 0
5/ 2 5 0 . 0 0 0 0 . 4 8 4 0 . 0 0 0 0 . 0 13 0 0 6 1 0 . 0 0 8 0 . 0 0 0 0 . 0 7 3 0 . 0 5 1
5/ 2 6 0 . 2 4 7 0 . 2 12 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 4 0 . 0 0 0 0 . 0 3 0 0 . 0 0 0
5/ 2 7 0 . 1 13 0 . 0 17 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
5 / 2 8 0 . 0 0 0 0 . 5 8 1 0 . 0 0 0 0 . 0 3 2 0 . 0 10 0 . 0 0 0 0 . 0 0 0 0 . 0 0 9 0 . 0 0 0
5 / 2 9 0 . 0 0 0 2 . 2 14 0 0 0 0 0 . 0 0 0 0 . 10 8 0 . 0 16 0 0 0 4 0 . 10 3 0 . 0 9 3
5 / 3 0 0 . 0 0 0 0 8 9 9 0 . 0 0 0 Q. OOQ 0 . 12 2 0 . 0 0 0 0 . 0 0 0 0 . 14 8 0 0 0 0
5/ 3 1 0 . 0 0 0 3 . 4 3 1 0 . 0 13 0 . 0 0 0 0 . 2 16 0 . 0 0 0 0 . 0 32 0 . 16 4 0 . 2 2 7
6 / 1 0 . 0 0 0 1 3 4 5 0 . 0 2 2 0 . 0 0 8 0 . 0 6 0 0 . 0 1 0 0 . 0 16 0 . 2 0 8 0 . 14 6
6 /2 0 . 0 0 0 1 . 13 7 0 . 0 16 0 0 0 0 0 . 0 3 2 0 . 0 04 0 . 0 0 4 0 . 0 8 5 0 . 14 6
6 / 3 0 . 0 0 0 3 . 5 86 0 . 0 3 8 0 . 0 3 6 0 . 5 9 3 0 . 0 32 0 . 0 0 5 0 . 4 5 8 0 2 9 7
6 / 4 0 . 0 0 0 1 . 1 9 8 0 0 18 0 0 0 0 0 . 1 2 9 0 . 0 0 0 0 0 0 3 0 1 12 0 4 0 1
8 4




2 9 4 2 9 6 3 10 3 12 3 2 6 32 8 33 0 3 4 2 3 7 3
6 / 5 0 . 0 0 0 1. 1 4 9 0 . 0 1 5 0 . 0 3 1 0 . 0 17 0 0 0 0 0 . 0 0 0 0 . 6 5 9 0 . 1 0 9
6/ 6 0 . 0 0 0 2 . 4 9 7 0 . 02 6 0 . 0 34 0 . 4 7 6 0 0 2 8 0 . 0 3 1 2 . 5 9 3 0 . 2 6 3
6/ 7 0 . 0 0 0 2 . 3 5 4 0 . 02 7 0 . 0 0 0 0 . 19 6 0 . 0 0 9 0 . 0 0 0 0 . 5 4 1 0 . 5 8 9
6/ 8 0 . 0 0 0 1. 8 7 3 0 . 0 3 0 O. QQO 0 . 0 3 7 0 . 0 14 0 . 0 0 4 0 . 1 14 0 . 2 6 5
6/ 9 0 . 0 0 0 1. 7 6 3 0 . 0 0 9 0 . 0 0 0 0 0 2 7 0 . 0 0 0 0 . 0 0 0 0 0 4 3 0 . 1 8 4
6/ 10 0 . 0 0 0 1. 3 6 1 0 . 0 1 0 0 . 0 3 9 0 . 0 5 5 0 . 0 0 3 0 . 0 0 0 0 . 0 3 1 0 . 1 2 4
6 / 1 1 0 . 0 0 0 1. 8 0 6 0 . 0 2 4 0 . 0 0 9 0 . 17 2 0 . 0 0 7 0 . 0 16 0 . 1 19 0 . 6 1 8
6/ 12 0 . 0 0 0 2 4 5 3 0 . 0 18 0 0 0 0 0 . 2 2 1 0 . 0 1 1 0 . 0 0 4 0 . 2 3 9 0 . 5 52
6/ 13 0 . 0 0 0 2 6 14 0 . 0 10 0 . 0 0 0 0 0 5 8 0 . 0 0 9 0 . 0 0 0 0 . 0 0 0 0 . 2 6 4
6/ 14 0 . 0 0 0 3 . 8 9 1 0 . 0 0 0 0 . 0 0 0 0 . 0 7 1 0 . 0 0 8 0 . 0 0 0 0 . 19 0 0 . 0 9 5
6 / 15 0 . 0 0 0 1 . 3 7 3 0 . 0 1 1 0 . 0 0 0 0 . 2 3 7 0 . 0 1 1 0 . 0 0 0 0 . 13 6 0 . 1 7 1
6 / 16 0 0 0 0 1. 3 6 7 0 . 0 0 0 0 . 0 0 0 0 . 0 1 1 0 . 0 0 0 0 . 0 0 0 0 . 0 10 0 0 6 8
6/ 17 0 . 0 0 0 2 . 5 19 0 . 0 1 3 0 . 0 0 0 0 . 0 6 7 0 . 0 0 0 0 . 0 0 0 0 . 0 8 5 0 . 0 9 9
6/ 19 0 . 0 0 0 1. 4 5 3 0 . 0 0 4 0 . 0 0 6 0 . 0 1 1 0 . 0 0 0 0 . 0 0 0 0 . 0 14 0 . 04 0
6/ 2 0 0 0 0 0 2 5 6 0 0 . 0 2 3 0 . 0 1 1 0 . 18 6 0 . 0 0 8 0 . 0 0 5 0 . 14 1 0 . 6 8 5
6/ 2 1 1 . 2 2 5 7 . 3 0 6 0 . 0 4 4 0 . 0 19 0 5 3 2 0 . 0 2 5 0 . 0 04 0 . 2 0 3 0 . 2 7 4
6 / 2 2 0 . 0 0 0 3 . 3 1 3 0 . 0 0 9 0 . 0 2 2 0 . 0 9 0 0 . 0 0 0 0 . 0 0 0 0 . 0 8 1 0 . 0 7 6
6 / 2 3 0 . 0 0 0 1. 8 8 0 0 . 0 0 0 0 . 0 5 5 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 3 8 0 0 . 3 7 7
6 /2 4 0 . 0 0 0 2 . 82 6 0 . 0 13 O. OQQ 0 . 3 8 3 0 . 0 2 1 0 . 0 0 0 0 . 2 6 0 0 . 2 3 6
6/ 2 5 0 . 0 0 0 1 . 8 7 1 0 . 0 2 4 0 . 0 10 0 0 5 4 0 . 0 0 0 0 . 0 0 8 0 . 0 72 0 . 2 0 1
6 / 2 6 0 . 0 0 0 2 . 4 2 7 0 . 0 3 9 0 . 0 3 6 0 . 10 5 0 . 0 0 0 0 . 0 0 5 0 . 19 9 0 . 3 4 4
T a b l e A - 2 4 . D a i l y a m b i e n t c o n c e n t r a t i o n s o f o t h e r o r g a n o s u l f a t e s




13 9 1 5 3 15 5 16 9
5 / 19 0 . 0 3 7 0 . 0 4 4 0 . 6 2 4 0 . 04 9
5 /2 0 0 . 15 8 0 . 1 12 0 . 2 6 6 0 . 24 8
5 /2 2 0 . 0 0 0 0 . 0 0 0 0 0 0 0 0 . 0 10
5 /2 3 0 . 0 3 8 0 . 0 3 2 0 . 0 15 0 . 0 4 8
5/ 2 4 0 . 0 5 3 0 . 0 3 4 0 . 0 0 0 0 . 0 5 1
5/ 2 5 0 . 0 0 0 0 . 0 4 7 0 . 0 0 9 0 . 02 8
5/ 2 6 0 . 12 9 0 . 0 5 4 0 . 1 2 9 0 0 9 9
5 / 2 7 0 . 0 0 0 0 0 16 0 . 0 0 0 0 . 0 1 5
5/ 2 8 0 . 0 0 9 0 . 0 6 6 0 . 0 18 0 . 0 6 1
5 / 2 9 0 . 0 0 0 0 . 1 6 9 0 . 0 2 1 0 . 0 7 9
5 / 3 0 0 . 0 3 0 0 . 2 2 2 0 . 0 9 0 0 . 2 80
5 / 3 1 0 . 0 3 1 0 12 0 0 . 0 0 0 0 . 0 9 8
8 5




13 9 15 3 15 5 16 9
6 / 1 0 . 0 8 4 0 . 2 1 9 0 . 17 5 0 . 1 1 8
6 / 2 0 . 04 7 0 . 0 8 3 0 . 0 16 0 . 0 8 7
6 / 3 0 . 12 1 0 . 32 8 0 . 19 4 0 . 2 6 9
6 / 4 0 . 0 6 3 0 . 2 7 5 0 . 0 6 3 0 . 2 4 3
6 / 5 0 . 14 1 0 . 3 9 1 0 . 1 84 0 . 3 2 5
6 / 6 0 . 0 6 5 0 . 3 3 8 0 . 0 7 5 0 1 82
6 / 7 0 . 0 0 0 0 22 4 0 . 0 4 6 0 12 0
6 / 8 0 . 0 0 0 0 . 1 5 1 0 . 0 0 0 0 0 5 3
6 / 9 0 . 0 0 0 0 . 0 9 5 0 . 0 0 0 0 . 0 2 7
6 / 1 0 0 . 0 0 0 0 . 0 4 5 0 . 0 0 0 0 . 0 15
6 / 1 1 0 . 0 59 0 . 13 1 0 . 0 17 0 . 0 9 8
6 / 12 0 . 0 3 8 0 . 12 6 0 . 0 2 8 0 . 0 8 4
6 / 1 3 0 . 0 3 2 0 . 1 15 0 . 0 8 1 0 . 0 7 2
6 / 14 0 . 0 0 0 0 . 1 6 2 0 . 0 0 0 0 0 5 1
6 / 1 5 0 . 0 0 0 0 1 17 0 . 0 0 0 0 . 0 2 1
6 / 16 0 . 0 0 0 0 . Q3 5 0 . 0 0 0 0 . 0 18
6/ 17 0 . 0 0 0 0 . 0 5 9 0 . 0 0 0 0 . 0 3 3
6/ 19 0 0 0 0 0 . 0 2 4 0 . 0 0 0 O. OQO
6/ 2 0 0 . 0 6 9 0 . 0 6 4 0 . 0 19 0 . 0 4 5
6/ 2 1 0 . 0 0 0 0 . 14 4 0 . 0 3 9 0 . 10 7
6/ 2 2 0 0 0 0 0 . 0 8 1 0 . 0 19 0 . 0 56
6/ 2 3 0 . 0 0 0 0 . 15 0 0 . 0 8 5 0 . 1 1 8
6/ 2 4 0 . 0 0 0 0 . 14 3 0 . 0 0 0 0 . 0 7 7
6/ 2 5 0 . 0 2 0 0 . 15 6 0 . 0 0 0 0 . 0 6 3
6/ 2 6 0 . 0 0 0 0 . 22 0 0 . 02 7 0 . 13 7
8 6
